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I. INTRODUCTION 
The most important food crops for direct human 
consumption are wheat and beans. Wheat as a supply of 
carbohydrate, on one hand, and beans for the supply of 
proteins, on the other. 
Yield increases have been successfully achieved 
with wheat and other cereals, but for beans all efforts 
have not been completely compensated. Increases of 
wheat yields have resulted from the development of high-
yielding varieties that were capable of responding 
spectacularly to improvement in cultural practices such 
as better land preparation, planting methods, fertiliza­
tion, weed and pest control, etc. Yields of these 
varieties, when properly grown by the new technology, 
have increased from 800 up to 5000 kilos per hectare 
(CIMMYT, 1976). 
Several new cultural practices have been investigated 
for beans, along with development of new varieties or 
selection of common ones which are adaptable to certain 
environmental conditions, and have resulted in small 
yield increases but always far from those spectacular 
yield increases obtained with cereals. However, those 
increases of dry bean yields were more apparent than 
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real because it has been observed that protein quality 
tended to decrease for any increased increment of grain 
yield. 
In order to further increase those high yields of 
wheat and those yields of beans new technology has to be 
applied. The development of varieties that can utilize 
the nutrients supply of the soil better than the ones 
already in use can take several years of research. The 
efficiency of uptake accumulation, mobilization and 
conversion of nutrient, into grain products is 
physiologically determined by the variety characteristics. 
In wheat, nutrients in the grain are derived mainly from 
soil nutrients taken up before anthesis and accumulated 
in stems and leaves; as grain filling proceeds, nutrients 
are mobilizated from their storage and roots stop 
working as nutrient intake organs. Beans have a longer 
grain filling period, but, eventually when senescence of 
the lower leaves occurs, the same characteristics apply 
to their roots. 
Abortion of seeds has been associated with lack 
of enough nutrients. If roots can not take up more 
nutrients or movement of assimilates is not adequate, 
abortion of seeds results in loss of yield. 
In order to overcome to some extent this abortion 
and to increase seed size and thereby increase yields. 
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the new technology proposed is to apply nutrients as 
foliar fertilizer during that critical period of grain 
filling. 
This foliar fertilizer has to be applied along with 
optimal cultural practices. It is not intended to 
displace fertilizers applied to correct soil deficiencies 
for a modern cultivar, but to increase its effectiveness 
through the plant by producing more grain yield. 
This practice also is not proposed as an alternative 
to a plant breeding program. However, increased yields 
can be achieved in a shorter time and the potential 
of a breeding program can be multiplied in comparison 
with application of conventional cultural practices. 
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II. LITERATURE REVIEW 
A. Irrigation System 
Since man became a plant grower and changed his life 
from a nomad to a settle stage and from hunting to 
agricultural food producer, he knew that for any crop 
he planted a good rainy season would improve crop-yield. 
This led to the development of irrigation systems 
which Improved yields and provided the agrarian basis 
of society (Gulhati, 1955). Gulhati and Smith (1967) 
gave an extensive review of the history of irrigation 
around the world. They remarked that the improvements 
in yields with irrigation were so high that little was 
done to investigate if any further yield increase could 
be obtained. 
In any irrigation system, one of the most important 
factors is the measurement of the quantity of available 
soil-water to the plants. Several techniques have 
been developed which are more or less effective. 
Holmes et al. (1967) reviewed some of the most used 
methods and apparatuses. 
Roots of corn plants grew better in the soil having 
the highest water content at any soil water suction 
imposed (Peters, 1957). Delibaltov and Sarkizov (197^), 
Rathore and Singh (1973), Talha (1974), among others. 
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reported that highest yields were obtained when soil-
moisture was maintained above 70 to of the available 
water capacity in the root zone. Yields of grain and 
straw, and ear length in wheat were reduced when 
irrigation was applied from 20 to 40^ of available soil 
moisture content (Rathore and Singh, 1973). These 
reports about wheat, confirmed the previous investigations 
on beans reported by Wadleigh and Ayers (19^5), on 
corn (Haynes, 1948), and on tomatoes (Salter, 1954), among 
others. 
It is important to consider the relationship between 
soil water suction and evaporation demands of the aerial 
part. Boyanov and Dimitrova (1973) showed that in a 
wheat experiment there was a predominance of physical over 
biological evaporation from the 0-25 cm layer which was 
the layer that contributed to more than half of the 
water used in a 1 m soil layer. 
Because roots have lower water tension than shoots, 
at any given soil moisture content, growth of shoots 
is reduced before there is any observed reduction in root 
growth with some water stress. This is in part due to 
a reduction in nutrients because when fertility is 
increased, the top to root weight ratio is increased at 
any level of soil moisture content (Harris, 19l4). 
Therefore, there should be different models for estimating 
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soil moisture and the method of optimal irrigation, 
depending on the soil fertility -(Yaron et al., 1973). 
Water plays different roles as a yield determinant 
during different grow-stages. It functions as a major 
parameter during the reproductive stage of development 
(Peters and Runkles, 1967). Delibaltov and Sarkizov 
(1974) found that in field beans 58^ of the total 
irrigation water requirement occurred between the start 
of flowering and full flowering. Fischer (1973) showed 
that in wheat maximum yield reduction occurred when water 
stress was applied during the period of 15 to 5 days 
before ear emergence. Motkalyuk and Kozhushko (1973) 
showed that drought resistant varieties of wheat have a 
higher water retentivity in the critical period beginning 
with the appearance of pollen mother cells and ending 
.with the onset of differentiation. However, Cheema and 
coworkers (1973) reported that irrigation was needed 
most critically at the crown-root initiation stage. With 
omission of two consecutive irrigations from crown-root 
initiation to late tillering stage, yields were reduced 
about 60^ mainly because of a reduction in effective 
tillers. This was also confirmed by Shatilov and Safonov 
(1973). This controversy will be found among different 
varieties and environmental conditions. 
In greenhouse experiments, the volume of soil per 
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plant Is reduced and so the amount, of available soil 
water to plant Is limited. Whenever plants are grown to 
full maturity, they tend to fill any pot with roots and 
moisture is rapidly depleted. 
Several techniques have been developed to overcome 
early dryness of pots. Those methods range from 
periodic additions of water to continuous additions 
to maintain certain moisture availability. 
Livingston (1918) developed a continuous watering 
system with the use of porous clay cones. Roots became 
massed around the clay cones. Some modifications have 
been developed to improve Livingston's system but only 
the one developed by Read et al. (1962) reported a 
successful improvement to correct soil dryness due to 
low water mobilization from the porous cup to the 
soil. 
The most used method is the periodic water addition 
to pots to get moisture contents close to field capacity 
and after certain period of time to bring the soil 
moisture content back again to field capacity (Kramer, 
1969). Wadleigh (1946) stated that soil moisture in 
field conditions goes through cycles of drying and re-
wetting, but this is not easily applied to pots because 
pots are too small to store any amount of water and water 
additions have to be made more than once or twice a day. 
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As pointed out by Kramer (1969), one of the most trouble­
some problems in water relations research is to grow plants 
at a uniform level of water potential lower than field 
capacity. When a small quantity of water is applied to 
a mass of dry soil, the upper layer is wetted to the 
field capacity and the remainder of the soil mass remains 
unwetted (Shantz, 1925). 
Subirrigation in small pots and benches was described 
by Post and Sealey (1943). They described an auto-
irrigated pot for small house plants in which water is 
constantly conducted from a free water reservoir to the 
soil by the use of glass wool wick; soil is maintained at 
approximately field capacity. There is an advantage in , 
this system because water is pulled up as it is needed 
whereas Spomer (1975) working with small containers 
concluded that the smallness and shallowness of containers 
results in both too much and too little water as 
compared with a ground bed. The adverse effect of the 
small pot can be minimized by Increasing container 
depth. 
The use of big boxes irrigated with subsurface 
irrigation reduce the differences between a pot green­
house experiment and field conditions. 
Several other watering systems were developed to 
maintain proper moisture content. They go all the way 
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from simple systems to systems as sophisticated as those 
described by Ratcliffe (1975) and by Andrew (197^). There 
is a clear advantage in growing plants under adequate 
constant soil moisture conditions because there is an 
increase in nutrient availability due to the direct mass 
transport of ions (Viets, 1967; Blanchet et al., 197^) 
and also to increased root growth. One problem observed 
with subsurface irrigation is the deposition of salts on 
the surface of the soil. This is a minor problem in 
comparison with the advantages gained. 
Several workers have shown a positive relation between 
the nutrients applied to the soil and the soil moisture 
level in wheat (Puri and Baghott, 1973; Debreczeni and 
Debreczeni, 197^; Angelov, 1974; Gunar et al., 1973), and 
in beans by Vitkov (197^). Atanasova and Shanin (1973) 
found that with wheat, grain yields were influenced by 
tillage and nutrient supply and by interactions of 
those treatments with soil moisture. 
Ritchey and Fox (197^) found that soil samples 
removed from wick-watered pots immediately after harvesting 
maize and sorghum had water contents ranging from 70'^ 
of field capacity in the top of the pot to l^l^i of field 
capacity in the center and lower parts of the pot. This 
resulted in improved growth of both crops in the wick-
watered pots as compared to the conventionally watered pots. 
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B. Plant Growth and Yields as 
Influenced by Soil Fertility Level 
There is no intention here to review works which were 
designed to study the influence of soil nutrient levels 
on yields but to review some current works done to 
determine how nutrient levels influence the different 
yield components of wheat and beans. 
The first important factor to consider is which are 
the most important stages of absorption of soil nutrients. 
Experiments to determine this for Phaseolus vulgaris L. 
are scarce. Therefore, this review refers mainly to some 
wheat growth characteristics. 
The intensities of N, P, and K uptake are greatest 
at the beginning of the vegetative period, whereas more 
than half the uptake potential of the root system is 
developed in the second half of the vegetative period 
(Shatilov and Safonov, 1973; Lamb, 1967). Nitrogen 
uptake was highly increased when N was applied at tillering 
or at the jointing stage (Ayoub, 1974; Lamb, 1967). 
Lamb (I967) reported that where N was applied at heading 
time there was an increase in protein percentage in the 
grain but no increase in grain yield. 
Thirty-five percent of the N and P in the plants was 
taken up by the roots between earing and milky stages 
(Shatilov and Safonov, 1973). Potassium requirements are 
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greatest during the vegetative phase and a K deficiency or 
an interruption of K supply during this stage decreases 
yields; subsequent K applications to the soil cannot 
compensate for the yield loss incurred (Porster, 1973) . 
There is an increase in K requirement with increasing 
application of N and also with increasing supplies of 
available soil moisture (Nlkitlshen, 1975). In plants 
grown in nutrient solution uptake of K was related to 
N availability (Carvajal, 1974). 
The other important factor to consider Is the 
physiological role of each nutrient. Increased N 
availability increased the weight of the root system after 
the fifth growth stage. Leaf area Increased with later 
applications of N and the greatest number of spikelets and 
kernels per head were obtained when N was applied before 
the third growth stage (Nenadic, 1974). 
Nitrogen fertilization increased the number of 
tillers as reported by Villanueva-Novoa and Gulzadu (1973) 
and by Lamb (1967); increased the grains per splkelet as 
reported by Langer and Liew (1973); and increased the 
number of spikelets per ear as reported by Villanueva-Novoa 
and Gulzadu (1973), Langer and Liew (1973), Single (1964), 
and Beverldge et al. (19^5). 
Of all macronutrients, N is the most important in 
increasing grain yield (Lamb, 1967). Potassium promotes 
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translocation of photosynthates towards the ears, which 
tends to increase seed weight and grain yield (Mengel 
and Haeder, 1974). Potassium also increases resistance 
to certain diseases and there is a greater efficiency in 
water use (Lamb, 1967). Villanueva-Novoa and Guizadu 
(1973) showed that P only increased straw yield. Magnitskii 
et al. (1973) reported a negative correlation between 
applied N and the inorganic P content of the leaves. 
Grain yields and protein were increased by N 
applications (Jahn-Deesbach et al., 1973; Hunter and 
Stanford, 1973, Abrol et al., 1971; Michael, 1963; Asana 
and Sahay, I965). 
Terman (1974) said that better estimates of the 
nutrient needs in a pot experiment can be calculated from 
the expected yield and plant nutrient content rather than 
basing needs on soil test data. 
C. Spraying Systems and Dynamics of 
Spray Substances 
Foliar application of substances has been a common 
practice since the last century. The earliest reference 
to spreading organic materials on foliage is the reference 
of Pliny (as cited by Horsfall, 19^5) to Democritus who 
reported circa 470 B.C. that amurca of olives (press 
cake) should be sprinkled on plants to prevent attacks 
by blight-powder mildew. Sulfur as a fungicide applied 
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as fumigant was used by Cato in 200 B.C. (Mason, I928). 
Homer mentioned sulfur use on foliage applications in 
about 1000 B.C. (Horsfall, 19^5). 
The methods of application of substances on leaf 
surfaces most commonly used are spraying and dusting. 
The goal in spray applications is to cover evenly all 
leaves (Horsfall, 19^5). The coverage desired could 
differ with the purpose of the material applied. If 
the purpose is a disease control, say fungus infection, 
the fungicide should be deposited trying to cover both 
inner and outer leaves in a plant with the precaution 
not to overcover the outer ones (Horsfall, 19^5). In 
spraying nutrient solutions to coverage of inner leaves 
is not as critical. 
There are essentially two types of sprayers: the 
ones that use hydraulic pressure principles and the 
ones that use air at high speed which takes liquid by 
the use of the Bernoully principle. The differences 
between both types is mainly due to the carrier; one 
uses liquid droplets as carriers and the other uses an 
air stream as the carrier of the droplets (Horsfall, 
1945). 
The principle of spraying, which is the formation of 
small droplets, is the change in momentum due to a change 
in velocity of a drop as it is obtained in sprays. A 
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drop moving at gravity velocity in a gaseous medium at 
one atmosphere of pressure, like raindrops, has a survival 
diameter of about 8 to '9 mm, whereas a drop moving at a 
sonic velocity of 340 m/sec (common in air atomizers) has 
a survival diameter of about 5 to 6y. Because the breakup 
mechanism is complex and the air gradually slows down after 
it leaves the nozzle there is a formation of bigger drops, 
due to an aggregating process in accordance to the principle 
of the lowest energy surface then any spray represents a 
hundred fold range of droplet size, Tate (1969). This 
characteristic complicates foliar spraying because when 
a spray is directed against a flat surface, or when it 
passes an obstacle, large drops hit the surface, but 
small drops appear to avoid impact. This is related to 
the distance from the obstacle to the nozzle (which 
follows Stock's law), to the diameter of spray, and to the 
position of the drop inside of the spray, Adler (195^). 
Of the physical properties which affect the drop-surface 
formation the most important is the surface-tension. 
Therefore, the addition of surfactants is a common practice. 
These surfactants are not added to alter drop size, 
because it has been proven that the migration of the 
active component to any new surface formed requires a 
relative long time, but to flattened the drop to cover more 
area when deposited on the surface (van Overbeek, 1956). 
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Atomizers produce small drops with a mean size from 
70 to lOOy (Delavan Co., Des Moines, Iowa, personal 
communication). The drop area and functional resistance 
is magnified when the droplets move through a gas medium. 
The produced spray stream from an atomizer is velvet 
smooth and therefore much less likely to produce foliage 
injury (Horsfall, 19^5). 
Another important factor to consider with sprayers 
is that some of the very small droplets (< lOy) formed 
close to the nozzle which do not aggregate to form a 
bigger drop are desiccated and when they reach the 
surface are in a dry form if there was any compound in 
the solution. In order to avoid those problems, sprays 
with larger droplets are logically chosen. However, there 
are another inconveniences when spraying with a big drop 
size (= 30OU) in that there is a lower coverage at the 
same 'volume than with a small drop size, and, because of 
the greater volume per drop, runoff from leaf surfaces 
may occur. Delavan Co. has developed a system which 
introduces air inside the drops, and prevents dryness 
of small drops. The spray has good penetration (distance 
from the nozzle), has good area coverage, and, because 
when that big drop reaches the surface the small air 
bubbles tend to adhere to it becoming a foam like deposit, 
and reduces runoff. This special nozzle is called Raindrop 
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which substitutes for the previous Foam-drop nozzles 
(Delavan Co., personal communication). 
D. Effects of Foliar Fertilizer 
There is no need to review mechanisms of foliar 
absorption or penetration of nutrient solutions as they 
have been reviewed already by Franke (1967) and more 
recently by Barel (1975). 
Several works concerning spray applications of 
nutrient solutions on wheat have been reported in recent 
years, but no reports were found concerning foliar 
applications for Phaseolus vulgaris L.. The majority of 
the reports on wheat were for studies of spraying N 
solutions alone. 
Agrawal and Jain (197^) reported that wheat grown 
under irrigated conditions with soil application of 
60 KgN/ha at the time of sowing, supplemented with 
to 50 KgN/ha as a foliar spray gave the most economic 
grain yield responses. The highest grain-yields were 
obtained by spraying 35 KgN/ha in a 15^ urea solution 
applied at the sixth stage of growth (Bezdek and 
Flasarova, 1973; McNeal et al., 1968; among others). 
Optimum rates of soil-applied and foliar-applied N 
were 47 and 27 Kg/ha respectively, however, the net return 
curves were very similar (Jain and Rathl, 1972). Ashour 
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and Saleh (1973) reported that foliar application of 
urea produced taller plants with more tillers and higher 
dry matter content in leaves, and increased N content of 
the vegetative part. They sprayed with a one percent 
urea solution and observed increases in yields due to 
an increase in the number of spikelets. 
The content of biuret in urea is important when 
solutions of urea are going to be sprayed. Jain and 
coworkers (1972) showed that the application of urea 
containing 0.3 to 1.5^ biuret at a rate of 30 KgN/ha 
proved to be harmful to the crop, and there was a 
negative correlation between grain-yield and biuret 
level in the foliar spray. 
Spraying wheat with urea improved grain quality, 
flour strength and loaf volume (Filip'ev et al., 1973). 
Other workers reported side effects of urea on wheat. 
Vertii and Vozov (197^) reported that a 30 KgN/ha 
spraying of a 30^ urea solution decreased the damage by 
shield bugs and reduced the population of adults and 
larvae on the plants. 
It has been shown that the effectiveness of N applied 
in foliar spray is related to the soil moisture supply 
during previous growth (Nitreva and Andonova, 1973; 
Alexander, 1973). Also, there were some experiments 
reported on microelements and some interrelations 
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with macronutrients when the microelements were applied 
in foliar form. Absorption of Cu was stimulated by 
increasing the Ca (Henry, 1974) or magnesium (Reuter et al., 
1973) concentration of leaves. Selenium was markedly 
affected by N and S status (Gissel-Nielsen, 1975). 
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III. MATERIALS AND METHODS 
A. General Description 
The experimental data used in this study were 
obtained from two greenhouse experiments with spring 
wheat and black field beans (Phaseolus vulgaris L.)-
Nitrogen, P, and K were applied to the soil to increase 
the fertility level, as recommended by the Soil Test 
Laboratory of Iowa State University for optimum yield. 
Nutrient solutions at different concentrations were 
sprayed on the foliage surfaces during the grain filling 
period. 
Both experiments were conducted in eight boxes. 
Each box was 6.00 m long, O.81 m wide and O.30 m deep. 
Six of them were irrigated from the bottom by an automated 
system, and two by adding water to the top of the boxes. 
Boxes were filled with soil screened through a one-
inch mesh. Soil samples were taken and analyzed in the 
Soil Test Laboratory of Iowa State University. 
B. Irrigation System 
The automated irrigation system for each 6 x 0.8 m 
box consisted of 32 gallon cans with nipples on the 
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bottom to interconnect one with each other via a tygon 
tubbing system. Cans were settled on a wood structure 
previously leveled. The whole system of cans was 
connected to an automatic float valve, brand Fill-O-Matic, 
mounted on a container which was installed at" the desired 
height to fill the cans to approximately 0.8 of their 
total capacity. 
Welded wire fabric, one inch by one inch mesh with 
wire gauge l4, was set on the top of the cans to cover 
the whole area of two boxes. The boxes were placed on 
top of the welded fabric. The sides of the boxes were 
built of pine wood boards of one inch by one foot with 
reinforcement of steel band to prevent deformation of 
the box due to soil pressure. The top of the welded 
fabric was covered with a double layer of polyethylene 
film 0;006 inch thick and the sides of the box were also 
covered with Just one layer of the film. Water from the 
cans beneath the boxes was conducted to the soil in 
the boxes by wicks made of common cheesecloth. Each 
wick was 14 inches long by 24 inches wide. Water used 
was distilled water which had run through a Barnstead 
ion exchange resin column, type hose-nipple cartridge 
high capacity. Soil which had been thoroughly mixed 
was placed in each box to a depth of 0.25 m. 
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C. Foliar Fertilizer Experiment 
The soil for the wheat experiment (W. Exp.) was 
fertilized with 30 gr N, 22 gr P, and 42 gr K per box 
before sowing, plus 48 gr N at the beginning of tilling 
stage. Urea, phosphoric acid, and KCl in aqueous 
solution were used for N, P, and K sources, respectively. 
The fertilizer additions were equivalent to a total of 
l6o Kg N/ha, 45 Kg P/ha, 86 Kg K/ha. 
Five wheat varieties were planted; Xocomil-75, 
Quetzal-75, and Zunil-75 from Guatemala; Cajeme-71 from 
Mexico; and Olaf from North Dakota. Each one was 
planted in eight rows in plots of 0.19 m x 0.8l m, with 
a total of 80 seeds per plot for density one and l6o 
seeds for density two. 
A complete formulation of N, P, K, and S at a 
ratio of 12:2:3:1, respectively, was sprayed at three 
concentration levels. The total number of applications 
was four sprayed on a basis of 255 Itr/ha per 
application. Level 2 was equivalent to a total 
application of 6o Kg N/ha, 10 Kg P/ha, 15 Kg K/ha and 
5 Kg S/ha based on the grain chemical composition of 
a 3000 Kg/ha grain yield. Level 1 was half of Level 2. 
Level 0 was no foliar fertilizer application. Urea, 
potassium-polyphosphate, phosphoric acid and sodium 
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sulfate were used as N, P, K, and S sources. 
Soil for the bean experiment (B. Exp.) was fer­
tilized with 13 gr N, 22 gr P, and 73 gr K per case 
before planting. This was equivalent to a total of 
27 Kg N/ba, 45 Kg P/ha and 149 Kg K/ha applied in 
aqueous solution. Urea, phosphoric acid, and KCl were 
used as N, P, and K sources, respectively. Rizobium-sp. 
culture was added in a suspension solution of a 3 oz 
of common garden inoculant suspended in 5 Itr of 
distilled water. The inoculant was applied immediately 
before planting. Five cc of inoculant suspension were 
added per hill of four seeds. 
Four black bean varieties were used: Cuilapa, 
Jalpatagua, and San Pedro Pinula, native from Guatemala, 
and Turrialba I, developed in Costa Rica and introduced 
to Guatemala several years ago. Each variety was 
planted in a 0.33 m x 0.8l m plot in groups of four 
seeds per hill separated 0.l4 m from each other. 
Fifteen days after planting, the beans were thinned 
to 3 seedlings and one week later to 2 seedlings per 
hill, discarding the weakest plants. 
A complete formulation of N, P, K, S was sprayed 
after flowering with a total of 4 applications. A ratio 
of 15:2:6:1 of N, P, K, S respectively, with a total 
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of 40 Kg N/ha, $.4 Kg P/ha, l6.2 Kg K/ha and 2.7 Kg/ha 
for level one (L-1) based on half of the grain chemical 
composition of a 2000 Kg/ha grain yield. Rates two 
and three times of L-1 were used for level two (L-2) 
and level three (L-3) respectively. Aqueous solutions 
of urea, potassium-polyphosphate, phosphoric acid, and 
potassium sulfate were used as sources of N, P, K, S. 
Potassium-polyphosphate used in both experiments 
was provided by TVA with formulation of 0:26:25 of 
NrPgO^cKgO, respectively. Other chemical compounds 
were reagent grade chemicals. The surfactant used was 
Tween-8o at a concentration of 0.5^ (v/v). 
Spray applications were made every four days for 
wheat for a total of l6 days during grain filling 
period beginning seven days after anthesis. Beans were 
sprayed each week for a total of four weeks beginning 
at the grain filling period of the primary to tertiary 
pods. 
The sprayer used was the syphon type, with a nozzle 
of 0.40 gals/hr, conical type with 70° aperture angle 
developed by Delavan Co. The air pressure used was 
0.51 Kg/cm2 (7 psi.) for wheat and 0.9 Kg/cm2 (lo psi.) 
for beans. Fertilizer solution was held at about 15 cm 
below the nozzle level. 
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D. Statistical Procedure 
The experimental design for the wheat experiment 
(W. Exp.) was a complete 2x3 factorial with three 
levels of a complete formulation foliar fertilizer 
(0, 0.5 and 1) with a ratio of 12N:2P:3K:1S and two 
plant densities and four replications, each one per 
box. Each treatment was planted with five different 
varieties, then, the factorial was split against 
varieties. 











A 1 L-0 
B 1 L-1 V-1 Xocomil-75 
C 1 L-2 V-2 Quetzal-75 
D 2 L-0 V-3 Zunil-75 
E 2 L-1 V-4 Cajeme-71 
F 2 L-2 V-5 Olaf 
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Experimental arrangement per replication for W. Exp. was 
Replication I 
vars. \ treats. 
vars. V treats. 
D A B  F E C F C A B E D 
3 2 1 5 2 4 2 3 • 2 3 1 4 
2 15 3 3 2 3 5 4 2 5 2 
14 4 4 5 3 1 1 5 5 3 3 
5 3 3 1 1 1 5 4 3 1 2 5 
4 5 2  2 4 5 4 2 1 4 4 1 
Replication III Replication IV 
C D A E F B A C F B D E 
1 1 5  2 5 1 4 2 1 • 4 3 4 
5 2 3  1 4 4 5 1 4 2 4 1 
2 5 1  3 2 5 1 4 2 1 5 2 
4 4 2 4 1 3 3 5 3 3 2 5 
3 3 4  5 3 2 2 3 5 5 1 3 
For the bean experiment (B. Exp.) a Latin square 
design was useâ with four treatments and four blocks; 
each treatment was planted with four varieties in split 
randomized arrangement against treatments. Foliar 
treatments were with ratio of 15N:2P:6K:1S. 
The foliar fertilizer treatments on B. Exp. were: 
A - 0 level; B - L-1; C = L-2; and D - L-3. 
Varieties were: 
Variety Number Variety Name Latin Square 
V-1 Jalpatagua D C A B 
V-2 Turrialba I A D B C 
V-3 Cuilapa C B D A 
V-4 San Pedro Plnula B A C D 
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E. Plant Material Chemical Analysis 
Three plant samples for the W. Exp. were taken the 
day before the first, third, and fourth fertilizer spray 
applications. Each sample consisted of three total 
wheat plants which were dryed at 6o °C and then 
separated in ears, leaves and stems. They were separately 
ground to pass a no. 4o mesh screen. No plant samples 
were taken from B. Exp. during fertilizer applications. 
Plant analysis for S was done following a modified 
procedure of the method described by Blanchar et al. 
(1965). Modifications of the procedure were done in 
order to use the digestion also for P and K determinations. 
Instead of 0.5 gr of plant material, 0.25 gr were 
weighted because of the lack of sufficient sample 
15 ml of the digest were used for S analyses, with the 
addition of 50 ugr of S in 1 ml of KgSO^ solution and 
turbidimetric analysis was then done following Blanchar 
et al. (1965) procedure; barium chloride crystals were 
added in proportion of the 15 ml used; ten minutes 
instead of two were necessary to have a good reaction 
of the Ba ions. Potassium and P analysis were done 
following standard methods used in the Plant Analysis 
Laboratory of Iowa State University and described in 
the laboratory manual. 
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A method described by Nelson and Sommers (1973) 
was used for N digestion using procedure A of the method. 
Distillation was done by making an aliquot of 10 ml from 
the digestion and adding 5 ml of 10 N NaOH and per­
forming a steam distillation as described by Bremmer 
and Edwards (1965). This plant material digestion was 
also used for Mg analysis using an atomic procedure. 
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IV. RESULTS AND DISCUSSION 
A. Wheat Experiment Physical Characteristics 
The mean values for yield, thousand kernel weight, 
kernels per head, and number of heads as influenced by 
variety, fertility, density, and replication in the 
wheat experiment are reported in Table 1. 
This experiment was statistically investigated as 
a split plot design with three varieties rathèr than, 
five, because it was observed that varieties Olaf and 
Cajeme-71 reached maturity with a lot of variation in 
ear number, due probably to the fact that they were 
randomly assigned per factorial unit. The three 
varieties - Xocomil-75, Cuetzal-75, and Zunil-75 from 
Guatemala - had a diffèrentiation period at about 45 
to 50 days and heads camf out between 55 to 65 days. 
Heading time was 85 days for Olaf and between 60 to 85 
days for Cajeme-71. Thit gave completely adverse 
growing conditions and it was decided not to include 
them in this dissertation study. 
A complete analysis of variance for the three 
Guatemalan varieties is shown in Table 2. 
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Table 1. Means for variables yield, thousand kernel 
weight, kernels per head and number of heads 
in W. Exp. 
Mean values 
Number Obser­ Kernels Number 
Fixed or vation Yield 1000 k per of 
variable name number (gr) wt (gr) head heads 
Variety Xoco-
mil-75 24 82.8 45.1 27.4 69.0 
Quet-
zal-75 24 49.2 28.9 26.6 66.2 
Zunil-75 24 62.8 39.6 22.2 74.8 
Fertility F-0 24 63.9 36.4 24.4 75.8 
F-1 24 67.3 40.0 25.4 69.7 
F-2 24 63.6 37.2 26.4 64.5 
Density D-1 36 67.0 38.4 30.5 57.0 
D-2 36 62.8 37.4 20.3 • 83.0 
Replication I 18 71.8 38.0 27.4 70.8 
II 18 58.8 38.1 23.8 68.9 
III 18 66.2 38.3 25.6 69.2 
IV 18 63.0 37.1 24.9 71.1 
Overall 
mean 72 64.93 37.86 25.43 70.00 
Investigation of Table 2 shows that yield 
variability was statistically different only for 
varieties. Having no difference among densities implies 
that probably even the low density was high enough to 
reach the yields obtained and any variation among 
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Table 2. Analysis of variance of wheat experiment in 
a split-plot design 
F values 
1000 Kernels 
kernel per Total 
Source D.F. Yield weight head heads 
Replication 3 
227.76** Density (D) 1 1.29 0.56 79.12** 
Fertility (F) 2 0.40 2.73+ . 2.78+ 4.91* 
D*F 2 0.57 0.20 2.42 4.16* 
Error (a) 15 
Variety (V) 2 25.08** 193.46** 12.40** 3.96* 
D*V 2 0.29 1.12 0.57 1.67 
F*V 4 1.57 2.16+ 1.19 0.28 
D*F*V 4 1.31 1.16 1.46 0.89 
Error (b) 36 
Total 71 
Coefficient 
of variation 25.41# 7.68# 15.37# 15.26# 
**, *,+ Statistic significantly different to 1^, 3^, 
and 10^ probability level, respectively. 
densities can be diminished by increasing the number of 
tillers in the lower density. However, a low number 
of tillers was observed in density one (D-1 - 520 seeds/m^) 
and high number of plants did not differentiate in 
density two (D-2 - 1040 seeds/m^). Yield differences 
were not significant among foliar fertilizer treatments 
or for any of the interactions investigated. 
As expected, the variability in total number of 
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heads due to differences in density were significantly 
different. It was also observed that the numbers of 
harvested heads were significantly different among 
fertility levels, even though the foliar treatments 
were all applied after flowering. This study was not 
planned to explain this variation. It probably can be 
partially explained by performing a different statistical 
analysis. The variable of total numbers of heads was 
significantly different for all the single fixed variables 
studied and for the interaction of density by fertility. 
Grain yield in wheat is a function of: specific 
density of the grain, usually expressed as the weight of 
thousand seeds; spikelets per ear; florets per splkelet; 
and number of ears per unit area. In this study 
spikelets per ear and florets per splkelet were taken 
as one variable and expressed as kernels per head. 
From all independent variables studied, differences 
due to variety and to some extent fertility, were 
statistically significant for the three yield components, 
but yield differences were statistically significant 
just for variety. The reason yields were not affected 
by the other variables which affected the yield 
components was because when one yield component changed 
in a positive direction the other yield component 
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changed in a negative direction, as can be seen in 
Table 1. 
The interaction of density by fertility was 
significantly different for total number of heads. This 
suggests that the number of heads was influenced 
differently by foliar fertilizer at the two densities. 
Another variable that had a significant fertility by 
variety interaction was kernel weight. The variable 
of kernels per head showed significant variation for 
density, variety, and fertility. 
In order to determine the statistical significance 
of the effects of the remaining independent variables, 
it was necessary to analyze the data by densities, by 
varieties, and by density by variety. Therefore, 
this statistical split plot design was analyzed by 
breaking it down by density, by variety, and by density 
per variety. 
1. Effects of different densities 
The physical characteristics of the wheats grown 
at densities one and two are reported in Table 3. The 
analysis of variance for wheats grown at densities one 
and two is shown in Tables 4 and 5, respectively. One 
effect that cannot easily be explained is that for D-1, 
thousand kernel weight is significantly different for 
Table 3. Wheat experiment means for variables yield, thousand kernel weight, 
kernels per head, and number of heads for densities one and two 
1000 
Obser­ kernel Kernels Number 
Independent Variable vation Yield weight per of 
Density variable number number gr gr head heads 
D-1 Variety V-1 12 86.1 46.2 32.2 57.7 
V-2 12 52.5 29.3 32.4 54.8 
V-3 12 62.8 39.6 27.0 58.5 
Fertility L-0 12 63.4 36.3 29.8 58.4 
L-1 12 70.1 40.7 31.3 55.3 
L-2 12 67.9 38.0 30.5 57.2 
Replication I 9 74.8 38.7 32.9 59.6 
II 9 6o.6 38.4 29.4 53.3 
III 9 74.4 40.8 30.4 59.4 
IV 9 58.7 35.4 29.5 55.7 
D-2 Variety V-1 12 79.4 43.9 22.7 80.3 
V-2 12 46.3 28.5 20.8 77.7 
V-3 12 62.7 39.7 17.5 91.0 
Fertility L-0 12 64.4 36.5 19.1 93.1 
L-1 12 64.8 39.2 19.6 84.1 
L-2 12 59.3 36.4 22.3 71.8 
Replication I 9 69.2 37.2 22.0 82.0 
II 9 57.0 37.8 18.2 84.6 
III 9 58.0 35.8 20.8 78.9 
IV 9 67.2 38.8 20.3 86.6 
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Table 4, Analysis of variance of wheat at density one 
Mean square values 
Degrees Total Thousand Kernels Total 
of grain kernel per heads 
Source freedom ' yield weight head per plot 
Replication 3 678.55** 44.64* 72.21 93.19 
Fertility (F) 2 139.14 57.99* 7.12 29.08 
Variety (V) 2 3560.48** 880.86** 113.12** 44.33 
F*V 4 700.05** 4.29 34.18+ 57.29 
Residual 24 141.99 9.93 13.40 56.27 
Coefficient 
of variation 17.75# 8.22# 11.99# 13.16# 
**, Statistic significantly different at 1^, 5^ 
and 10^ confident limit. These values are going 
to be used at the same significance on all 
succesive statistical analysis of variance 
tables. 
Table 5. Analysis of variance of wheat at density two 
Mean square values 
Degrees Total Thousand Kernels Total 
of grain kernel per heads 
Source freedom yield weight head per plot 
Replication 3 349.92 14.18 
Fertility (F) 2 110.29 29.78 
Variety (v) 2 3282.16** 766.09*' 
F*V 4 97.45 23.87 
Residual 24 361.96 14.76 
Coefficient 








the different foliar fertilizer treatments but yields 
were not, even though the other yield components remained 
unaffected, as shown in Table 3. It can be expected 
that when one component of the yield changes, yield 
would be affected whenever the other yield components 
remained at a constant value, A close investigation of 
Table 3 shows that yields also differed among foliar 
fertilizer treatments. However, the coefficient of 
variation was high for the variable of yield in 
comparison with that for weight of seeds. At D-1 the 
interaction of fertility by variety was significant for 
the variables of yield and kernels per head which 
indicates the different behavior of the varieties at 
the different fertility levels and it will be clarified 
by analysis by density per variety. When separated 
by densities, the independent variable variety is the 
one that shows more variability for all dependent 
variables studied except head number on D-1. 
In density two, again, variety was the variable 
which more strongly affected yields, weight of thousand 
kernels and kernels per ear. In this case, fertility 
plays a more important role in head number and to some 
extent on kernels per head. Variability of head 
number due to foliar fertilizer was not expected; 
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however the statistical analysis shows that head number 
changes with foliar fertilizer and it is affected in a 
negative form, as can be seen in Table 3. Agronomie 
explanation is confused because foliar fertilizer 
treatment was applied after heading stage and it 
started about 30 days before maturity and ended two 
weeks before maturity. It is hard to believe that heads 
from tillers were prevented from emerging by the fer­
tilizer treatment, but the data clearly shows a decrease 
in number of heads. Unfortunately no intermediate 
records on head number were taken before and during the 
foliar treatment. Side effects due to foliar fertil­
izers were not observed and speculation concerning 
physiological alterations in the plant, mainly tillers, 
cannot be made without such observations. 
2. Effects of varieties 
No effects of the independent variables on yield 
for all varieties were found in this statistic analysis 
as shown in Table 6. Fertility had a significant effect 
only on variety Xocomil (V-1) for weight of thousand 
seeds and kernels per ear. Head number was statistically 
significantly different from zero for the variable of 
fertility for the "ariety Quetzal (V-2) and for the 
interaction of fertility by density for V-1. Logically, 
Table 6. Analysis of variance per wheat variety 
Mean square values 
Degrees Total Thousand Kernels Head number 
of grain kernels per per 
Variety Source freedom yield weight head plot 
V-1 Replication 3 562.89 13.29 13.16 130.11. 
Density (D) 1 270.22 32.08 542.55** 3082.67** 
Fertility (?) 2 476.20 59.22* 52.01+ 180.50 
D*F 2 658.37 11.16 4.01 598.17+ 
Residual 15 385.44 11.25 15.89 167.98 
Coefficient of variation 23.72# 7.44# 14.52# 18.18# 
V-2 Replication 3 88.76 11.83 25.07 86.94 
D 1 228.26 3.44 810.26** 3128.17** 
F 2 386.87 29.22 7.20 378.00+ 
D*F 2 76.81 5.73 22.30 205.17 
Residual 15 227.34 17.60 14.30 105.14 
Coefficient of variation 30.51# 14.54# 14.21# 15.48# 
V-3 Replication 3 772.00** 6.11 58.58** 76.72 
D 1 0.03 0.17 544.93** 6337.50** 
F 2 116.92 29.84 0.10 259.63 
D*F 2 129.24 8.86 29.35 38.63 
Residual 15 114.50 16.19 3.65 100.02 
Coefficient of variation 17.05# 10.15# 8.60# 13.38# 
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differences were expected in head number between 
densities. The variable of kernels per head was strongly 
influenced by density, and it was negatively correlated 
with number of heads per plot. The effects of fertilizer 
on kernels per head can be confounded with changes 
in number of heads due to foliar fertility, but that 
was apparent only for D-2, not for D-1. Density was 
the one variable that significantly influenced the 
dependent variable of kernels per head for all varieties. 
The importance of those dependent variables and 
their variability due to foliar fertilization can be 
appreciated when the experiment is statistically 
analyzed per each density and each variety. 
3. Statistical analysis of variance per variety 
and per density 
a. Variety Xocomil (V-l) At density one foliar 
fertilization appears to be statistically significant for 
all dependent variables except number of heads per plot. 
Table 7. Yields of V-l were increased from 72.5 to 104.0 
grams per plot, see Table 8, which is a 43.4 percent incre­
ment. It should be kept in mind that all treatments were 
grown at an optimum soil fertility level and yields without 
foliar fertilizer application on this variety were high. 
Table 7. Analysis of variance of wheat V-1 by density 
Mean square values of variables 
Degrees Total Thousand Kernels Total heads 
of grain kernels per per 
Density Source freedom yield weight head plot 
D-1 Replication 3 215.34 12.76 1.70 39.33 
Fertility 2 1045.98* 42.66* 39.45* 80.58 
Residual 6 177.74 5.21 4.29 90.25 
Coefficient of variation 15.48# 4.94# 6.43# 16.47# 
D-2 Replication 3 1202.83+ 12.77 38.93 345.78 
Fertility 2 88.59 27.72 16.57 698.08 
Residual 6 358.21 16.79 21.71 202.19 
Coefficient of variation 23.83# 9.33# 20.53# 17.70# 
Table 8. Physical characteristics on wheat V-1 (average of four observations), 
and statistic standard error (s.e.) 
Total Thousand 
Foliar grain kernel Kernels Total Yield Sink 
fertility yield weight per heads per head per plot 
Density level gr gr head per plot gr area^ 
D-1 0 72.52 42.94 30.18 56.00 1.295 1690 
1 81.86 49.47 30.61 54.25 1.509 1661 
2 104.00 46.30 35.82 62.75 1.657 2248 
s.e. 6.67 I.l4 1.04 4.75 
D-2 0 77.05 41.01 20.79 91.50 0.084 1902 
1 84.83 44.63 22.46 83.75 1.013 1881 
2 76.36 46.14 24.84 65.75 1.161 1633 
s.e. 9.46 2.05 2.33 7.11 
a 
Sink per plot area = number of kernels per plot. 
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When the yields are converted to kilograms per hectare 
the Increment was from 4712 to 6758 Kg/ha. Extrapolation 
of yields from a greenhouse experiment, which was grown 
in plots of about O.15 m^, to yields per hectare under 
field conditions is not truly valid but it gives an 
easier way of comparison. However, the potential of a 
variety and effects of any treatment are fully 
expressed and physiologically valid. 
From all the yield components considered at D-1, 
seed weight and number of seeds per ear were the ones 
that were increased by foliar fertilization. For foliar 
fertilizer L-1 weight of seeds dramatically increased in 
comparison with L-0, but there was just a slight increase 
of kernels per head (see Table 8). This increase in 
kernel weight indicates that foliar fertilization 
increased the amount of nutrients and/or increased the 
rate of nutrient accumulation and/or increased the 
grain filling period by preventing senescense, whenever 
the sink essentially remains unaltered. The latter is 
not valid because maturity was reached at the same time 
for all treatments. 
In comparison to L-1 in foliar fertilizer L-2, the 
sink was increased and kernels per head changed from 
30.6 to 35.8; on the other hand kernel weight decreased 
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from 49.47 to 46.30 gr per 1000 seeds. The decrease in 
seed weight was less in comparison with the increase 
in number of seeds per head and when the weight per 
individual head is obtained (divide total yield by 
total number of heads) the values are in the order 
1-2 > L-1 > L-0, at both densities, and then it may be 
said that a maximum yield per head could be reached at 
a higher rate of foliar fertilizer than L-2. At D-1, 
the number of harvested ears was slightly lower and 
higher for L-1 and L-2, respectively, in comparison 
with L-0. Working with the amount of sink per plot 
area (number of kernels per plot) it can be seen that 
in comparison with L-0, the number of kernels was 
slightly reduced at L-1. That probably was the reason 
for the high increase in seed weight. However, at 
L-2 there were increases in both sink components, seed 
number per head, and ears per area; however, seed . 
weight was still higher than in L-0. 
Studying V-1 on D-2 the number of heads per area 
changed substantially with foliar fertilization, which 
had a negative effect, shown in Table 8. Both 
variables, kernel weight and kernels per head, were 
increased with foliar fertilization, which means that 
the sink per plant was increased. Sink per area basis 
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was reduced in L-2, however grain weight did not 
reach the high values of those in D-1 at L-1 treatment 
previously discussed. 
In comparison with D-1, D-2 started with a high 
sink per area at L-0, and foliar fertilizer at L-2 
substantially reduced it, whereas the contrary was true 
for D-1. In D-2 the main factor that controlled the 
sink per plot area was number of heads per plot, which 
decreased 28^ at 1-2; whereas in D-1 both variables 
(kernels per head and heads per plot) had a parallel 
change with foliar treatment. An interesting observation 
is that the number of kernels per head was increased 
from L-0 to L-2 for both densities. Seed weight had 
the same value in both densities at L-2 but not at 
L-1. Studying those phenomena together, the importance 
of the environment previous to heading period is 
apparent; accumulation of nutrients per plant was 
probably higher at the lower density, then, kernels per 
head and kernel weight were higher at D-1 than at D-2 
for L-0 and L-1, but kernel weight was the same at the 
L-2 level, whereas the sink per plant and per area 
at this fertility level were lower at D-2. However, 
head number at L-2, in D-2, was closer to those values 
in D-1 than those of L-0 and L-1 in D-2. 
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Then, it is clear that accumulation of nutrients 
previous to anthesis influenced number of kernels per 
ear and that foliar fertilizer applied during the grain 
filling period enhanced the setting of florets previously 
differenciated during the différenciation period and 
this is physiologically dependent on the quantity of 
nutrients accumulated during the first growing periods 
in wheat. Foliar fertilization of this variety, to 
some extent, prevented abortion of florets and also 
helped to increase the weight of grains. 
The decrease in heads per area in D-2 due to foliar 
fertilizer cannot be explained in this experiment. It 
is an interesting point that should be investigated 
because if it were held at an optimum constant value, 
the sink per area would also be optimized as well as 
kernel weight and higher yields could be obtained 
than the ones shown in this study. 
b. Variety Quetzal (V-2) This variety did not 
show any statistically significant differences in any of 
the dependent variables due to foliar fertilizer at the 
lower density as V-1 did. At D-2, this variety showed 
that only total heads per plot changed significantly 
with foliar fertilizer level, as is shown in Table 9. 
Table 9. Analysis of variance of wheat V-2 by density 
Mean square values 
Degrees Total Thousand Kernels Total head; 
of kernels per per 
Density Source freedom yield weight head plot 
D-1 Replication 3 243.26 27.44 41.46 172.56+ 
Fertility 2 279.12 16.10 21.78 14.08 
Residual 6 236.62 17.22 14.03 40.31 
Coefficient of variation 29.23# 14.19# 11.55# 11.58# 
D-2 Replication 3 78.66 7.87 2.48 89.56^ 
Fertility 2 184.55 18.86 7.72 569.08+ 
Residual 6 216.16 15.03 12.30 134.97 
Coefficient of variation 46.34# 13.62# 16.86# 14.96# 
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Studying the sink component values shown in Table 10 
it can be seen that at D-1, the kernels per head increased 
at L-1 and then slightly decreased at L-2 in comparison 
to L-0. This is reflected in the sink per area basis. 
Thousand kernel weight did not show the high increase 
due to foliar fertilization that was obtained with the 
variety Xocomil. Sink per area values were close to 
those of V-1 but the effect of foliar fertilizer was 
not as high. 
Values of yields and thousand seed weight were 
closer to normal values obtained with crops growing 
under field conditions. The other yield components 
remained close to the values of V-1 but yields were 
lower. Therefore, it can be inferred that kernel 
weight was the factor that kept these yields at low 
values. There is not a clear answer of why at D-1. the 
foliar fertilizer at L-2 decreased sink per plant, 
sink per area and also weight of seeds in comparison 
with L-1, when no foliage damage was observed due to 
foliar application. 
It can be thought that even at D-1, the density 
was too high for this variety. But if that were the 
case the seeds per head would be at lower values and 
actually sink per plant was increased at L-1 treatment. 
Table 10. Physical characteristics on wheat V-2 (average of four observations), 
and statistic standard error (s.e.) 
Total Thousand 
Foliar grain kernel Kernels Total Yield Sink 
fertility yield weight per heads per head per plot 
Density level gr. gr. head per plot gr. area 
D-1 0 50.35 27.61 31.29 56.75 0.887 1776 
1 61.73 31.48 35.11 54.75 1.127 1922 
2 45.44 28.61 30.87 53.00 0.857 1636 
s.e. 7.68 2.07 1.87 3.17 
D-2 0 50.72 28.62 20.01 87.75 0.578 1756 
1 49.78 30.57 19.99 80.75 0.616 l6l4 
2 38.51 26,24 22.41 64.50 0.597 1445 
s.e. 7.35 1.94 1.75 5.81 
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see Table 10. The possibility to have an alteration of 
negative effects in the physiology of the plant due to 
foliar fertilizer at L-2 is evident. Some inferences 
may be made concerning the negative effects of foliar 
fertilizer on this variety at D-1: (1) foliar fertilizer 
had a direct effect on pollination which tended to 
reduce it at the L-2 treatment; (2) at L-2, foliar fer­
tilizer increased the amount of nutrients in the plant 
to a level such that other sinks were developed which 
lowered the translocation of assimilates to the forming 
grain and reduced the seed weight; (3) foliar fertilizer 
at L-2 altered the production of assimilates from 
stored nutrients by changing production rate of 
assimilates characteristic of the variety or altered 
the translocation rate of stored nutrients; (4) foliar 
treatment shortened the grain filling period. 
This dissertation study was not planned to study 
these effects and no conclusions can be made, a better 
picture of these inferences can be obtained after 
studying the change of the chemical composition on the 
plant at the grain filling stage. 
At density two, a decrease in yields due to foliar 
fertilization at L-2 was observed. This decrement was 
mainly due to a decrease in head number, and because 
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sink per plant had a lower increase in comparison to the 
decrease in heads, sink per area decreased at both 
foliar fertilizer levels, see Table 10. The same 
phenomenon of that at D-1 was observed at D-2 in that 
weight of seeds decreased as well as the sink per plant. 
This reflects that at D-1, some negative effects were 
imposed by foliar fertilization on this variety. Those 
negative effects observed in D-1 are aggravated in this 
density because, as in V-1, ear number was lowered by 
foliar fertilization at D-2. 
c. Variety Zunil (V-3) In this variety, 
yields were significantly depressed by foliar fertilization 
at D-1 and to some extent at D-2, as shown in Table 11. r 
The yield components that were responsible of such a 
variation at D-1 were both kernels per head and head 
number. 
At D-1, grains per ear slightly increased at L-1 
and then at L-2 decreased 11^ from L-0 (see Table 12). 
At both densities total heads per plot was 
negatively influenced by foliar fertilizer. Values of 
yield per ear were similar to those of V-2, even though 
weights of seeds were higher in this variety (close to 
those obtained on V-1) but unfortunately kernels per 
head were lower. This was probably due to the short 
Table 11. Analysis of variance of wheat V-3 per density 
Mean square values 
Degrees Total Thousand Kernels Total heads 
of grain kernels per per 
Density Source freedom yield weight head plot 
D-1 Replication 3 454.15** 27.91+ 48.84** 19.89 
Fertility 2 214.12** 7.81 14.26* 49.00 
Residual 6 37.50 5.58 1.31 20.22 
Coefficient of variation 9.75# 5.97# 4.24# 7.69# 
D-2 Replication 3 385.21 7.09 18.24* 112.22 
Fertility 2 32.04 30.89 15.10+ 249.25 
Residual 6 215.07 20.46 3.58 202.14 
Coefficient of variation 23.37# 11.38# 10.83# 15.62# 
Table 12. Physical characteristics on wheat V-3 (average of four observations), 
and statistic standard error (s.e.) 
Total Thousand 
Foliar grain kernel Kernels Total Yield Sink 
fertility yield weight per heads per head per plot 
Density level gr. gr. head per plot gr. area 
D-1 0 67.38 38.46 27.90 62.50 1.078 1744 
1 66.66 41.14 28.27 57.00 1.170 1611 
2 54.36 39.10 24.83 56.00 0.971 1390 
s.e. 3.06 1.18 0.57 2.25 
D-2 0 65.34 39.98 16.49 100.00 0.653 1649 
1 59.72 42.39 16.21 87.75 0.681 1422 
2 63.14 36.85 19.71 85.25 0.741 1680 
s.e. 9.46 2.05 2.33 7.11 
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period from sowing to heading which did not permit a 
long differentiation period, or simply because it is a 
characteristic of this variety. At density one, sink 
per area decreased with foliar treatment, but this was 
not the case at D-2 where at L-2 sink per area increased 
to reach the L-0 level. At D-1 it was due to both 
sink components, kernels per head and head per plot 
area, whereas at D-2 grains per head increased at L-2. 
A further investigation of higher nutrient rates 
sprayed on during grain filling period is recommended 
because at the higher density L-2 increased grain setting 
but the amount of nutrients was not high enough to 
fulfill the demand for assimilates by the sink, and grain 
weight decreased. 
Varieties V-2 and V-3 apparently did not take the 
same amount of nutrients per plant at both densities 
reflected in the kernels per head, but because of the 
increase in grain weight and heads per area, they had 
similar yield results. For variety one the same was 
true at L-0 and L-1 but not at L-2 where in D-1 the 
increase in yield was accompanied by an increase in 
yield per head and sink per plot, mainly due to an 
increase in kernels per head. It is expected that the 
more nutrients the plant has previous to the 
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differentiation period the more florets, or potential 
sink, is formed. This principle was true for all 
varieties when values of D-1 are compared with those of 
D-2. Effectiveness of foliar fertilizer to increase the 
sink per plant was variety dependent, and logically, 
dependent on the relationship between variety and its 
growing conditions. For V-1, the increment of that 
variable was similar at both densities which can be 
interpreted as: plants grown under both conditions had 
a nutrient deficiency after anthesis which was alleviated 
by foliar fertilizer during the critical period of grain 
filling; or also that physiologically that variety was 
capable of forming a higher number of florets than can 
be supported in normal conditions and because of the 
foliar fertilizer it was also able to transform and 
translocate those nutrients applied in foliar spray. 
For variety two it was a completely different pattern 
in that at D-1 kernels per head increased at L-1 but 
decreased at L-2. Whereas at D-2 kernels per head 
remained constant at L-1 but increased at L-2. This may 
be explained by the fact that the nutrient content in 
the plant was close, but at a lower value than the 
optimum at D-1 and foliar fertilization at L-1 reached 
that physiologic optimum. 
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B. Wheat Experiment Chemical Analysis 
Nutrient content in each of the plant parts 
considered tended to decrease from the beginning of the 
grain filling period until physiological maturity in all 
varieties. The decrease in the nutrient content of 
leaves and stems can be directly interpreted because 
foliar fertilizer spraying was begun at the beginning of 
the grain filling period, which supposedly was one week 
after anthesis, when leaves and stems were fully grown 
and no alteration of total dry matter of them were 
expected. 
The composition of heads is a completely different 
situation because they were growing at that period. 
However, no other measurements rather than total grain 
yield were taken into consideration in this study. 
Therefore, any comparison of the chemical composition of 
the plant has to be done with grain composition where 
total yield of nutrients could be calculated. 
A further consideration concerning the leaf 
analyses is that, even though complete leaves were 
analyzed, without including stems, some of older leaves 
were already dead and total translocation of nutrients 
could be confused because of the inclusion of material 
that remained at a constant chemical composition during 
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the grain filling period. In order to avoid those 
unnecessary Interferences, the author strongly recommends 
the analysis of only flag leaves when translocation of 
nutrients to the ears has to be investigated. 
This research was planned as a preliminary study 
of the effects of foliar fertilizer applied during the 
grain filling stage to increase grain yields. Because 
it was believed that genetic characteristics of each 
variety play a big role in the response to foliar 
treatments, five varieties were grown from which two 
failed to complete maturity in a desirable form. 
Furthermore, the plot units were too small to carry out 
a good plant sampling without greatly affecting the 
number of ears harvested. In order to overcome sampling 
error due to including tillers as main plants, it is 
recommended that more than three plants be taken and 
it is better to include a full row as a sample unit 
(main plants and tillers). 
Chemical composition of the different parts of 
plants at different physiologic maturity levels are 
shown in Tables 13 through 17. Study of those results 
led to the following conclusions: 
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1. Nitrogen 
It easily can be seen that in V-1 at D-1 foliar 
fertilization lowered the concentration of N, 
consequently that of protein in the grain. Nitrogen 
was mobilized from leaves and stems at all fertility 
levels. In heads, the N concentration decreased from 
cutting one to cutting two, but did not change from 
cutting 2 to cutting 3, see Table 13. It would be 
expected that the N concentration in the third cutting 
of heads would be closely related with the concentration 
of N in the grain. But, in the grain the N^ tended to 
decrease with foliar spray applications whereas this 
consistent decrease was not apparent in the heads. 
At density two, this variety gave a completely 
different response to foliar fertilizer. At L-0, the 
N^ went down at the third cutting of leaves, whereas 
at treatment L-1 and L-2, concentrations remained close 
to those in D-1. The effects of environmental 
conditions are reflected in this chemical analysis 
and D-2 typifies wheat growing under soil nutrient 
deficiency conditions per plant at that high population 
and under those conditions, application of nutrients 
via foliar spray could help to correct and improve 
any deficiency at grain filling period. Movement of N 
Table 13, Nitrogen content per plant part at different maturity levels in 
percentage of dry matter 
Head Cutting No. Leaf Cutting No. Stem Cutting No. 
Va - Den­ Fer­
ri- si­ til­
ety ty ity 1 2 3 1 2 3 1 2 3 Grain 
V-1 1 0 2.14 1.73 1.72 2.11 1.63 1.54 0.85 0.53 0.46 2.48 
1 1.84 1.70 1.57 1.98 1.65 1.55 0.71 0.52 0.45 2.41 
2 1.89 1.67 1.75 2.01 1.65 1.62 0.72 0.48 0.49 2.32 
Average 1.96 1.70 1.68 2.03 • 1.64 1.57 0.76 0.51 0.47 2.40 
2 0 2.22 1.70 1.47 2.02 1.66 1.28 1.06 0.53 0.44 2.13 
1 2.12 • 1.76 1.69 2.15 1.68 1,63 0.79 0.49 0.36 2.50 
2 1.87 1.80 1.71 1.97 1.79 1.71 0.73 0.53 0.44 2.52 
Average 2.07 1.75 1.62 2.05 1.71 1.54 0.86 0.52 0.41 2.38 
V-2 1 0 1.89 1.67 1.66 2,31 1.72 1.92 0.89 0.70 0.63 2.72 
1 2.24 1.85 1.65 2.36 1.91 1.61 1.15 0.73 0.52 2.44 
2 1.84 1.73 2.10 1.95 0.72 0.57 2.61 
Average 2.09 1.79 1.68 2.34 1.91 1.83 1.06 0.72 0.57 2.59 
2 0 1.96 1.62 1.42 2.15 1.79 1.39 0.95 0,69 0.50 2.34 
1 1.90 1.96 2.05 1,93 0.73 0.62 2.52 
2 1.98 1.87 2.12 2.12 0.80 0,62 2.77 
Average 1.96 1.83 1.75 2.15 1.99 1.81 0.95 0.74 0.58 2.54 
V-3 1 0 1.94 1.72 2.00 1.78 0.86 0.70 2.65 
1 2.07 1.77 1,66 2.70 1.89 1.87 1.26 0.68 0.63 2.67 
2 1.71 1,59 1.88 1.51 0.78 0,50 2.62 
Average 2.07 1.81 1.66 2.70 1.92 1.72 1.26 0.77 0.61 2.65 
2 C) 1.90 1,76 1.43 1.90 1.88 1.4i 0.79 0.57 0.57 2.60 
]. 1,89 1.77 2,13 1.82 0,77 0.57 2.68 
2 1.95 1.88 1.94 1.81 0.72 0.66 2.74 
Average 1.90 1.88 1.69 1.90 1.98 1.68 0.79 0.69 0.60 2.67 
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from leaves and stems was greater at L-0 than at L-1 
and L-2, and the values of L-1 and L-2 were close 
together. Nitrogen percentage in grain reflects the 
composition of heads at the third cut. The reason of 
the different behavior of that relationship between 
composition of heads and grain can be explained by 
assuming that foliar fertilizer induced a higher further 
utilization of the N accumulated up to the third cutting 
period, and, because of the higher seed setting per ear 
for the L-2 treatment, the accumulated N had to be 
distributed in a bigger sink. This explanation is 
only applicable to a comparison between L-0 and L-2 
which had similar head N^. At foliar fertility level 
one, the explanation could be that sink size was 
similar to L-0, and, because of the lower N content in 
heads, grain is a direct extrapolation from it. This 
could not be as simple as it looks, because grain weight 
sharply increased at L-1, but this disagrees with the 
direct extrapolation theory. Therefore, a more 
complicated pattern in the role of N is obviously expected, 
which could be that there is an increase in ,N content 
between the last sampling and maturity to fill the 
demand of a larger grain growth. That increase could 
be explained by the last foliar fertilizer application 
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which was done immediately after taking the last sample, 
which also could mobilize some N from other parts. In 
order to clarify these phenomena, this study suggests 
that a sample has to be included between the last foliar 
application and maturity. In this experiment the length 
of that period was about two weeks, but that is a 
variety-environment relationship characteristic, and up 
to two samples could probably be taken during that 
period. 
In varieties two and three, cutting one was not 
done for the complete set of treatments (see Table 13) 
because it was believed that plants would have the same 
chemical composition before foliar spray application. 
In this study variations in the chemical composition 
were higher than expected, probably because of the small 
samples which were taken. However, comparisons among 
varieties can still be made. 
Variety two started with a higher concentration of 
N in the leaves than did V-1. Total mobilization of 
N at D-1 from leaves was higher and that for stems was 
about the same as that of 7-1. An interesting point at 
L-0 for this density is that N content was higher at 
cutting three than at cutting two in leaves and stems, 
and it was probably due to the inclusion of tillers in 
6o 
the sample. Analysis of the chemical composition of 
heads.and grains on D-2 reflects a close relationship 
among them. In D-1 at L-0 and L-1 for the same 
composition at the third cut, because of a higher yield, 
grain composition was lower at L-1. In L-2, D-2 head 
composition was higher than the other treatments and 
grain composition was between L-0 and L-1, however grain 
yield was the lowest ; this could be interpreted as a 
lack of N mobilization from other parts at the end of 
grain filling period, or as decrement on the utilization 
of it after the third application. No conclusion can 
be made concerning the exact pattern of it without 
having a good and complete sample set for the whole 
grain filling period. 
At density one, variety three had higher N content 
in leaves and stems at the first cutting than the other 
varieties and showed greater translocation of N from 
those parts, whereas head N composition was the same 
as that for the other varieties at the three cuts. A 
careful analysis shows that for foliar treatment L-1 
there was less mobilization from leaves, and heads 
remained with a composition at a middle value in 
comparison with the other varieties. Because yield 
at L-1, was close to the yield obtained at L-0, the 
6l 
low nutrient mobilization from leaves between the second 
and third cuttings is easily explained. However, at 
L-2 a high mobilization of N from the leaves was observed 
but there was no increment on heads and, grain N content, 
and grain yield were the lowest. Variation rather than 
the ones imposed by foliar fertilization is expected, 
but no conclusions can be made. 
At density two, V-2 and V-3 showed positive 
increases in N content with foliar treatments in all the 
plant parts analyzed. Yields of V-3 remained almost 
constant, and in V-2 they decreased with foliar treatment. 
The same general conclusions can be said for these 
varieties as those for V-1 at D-2. 
2. Phosphorus 
For all varieties P content remained at a similar 
level in each of the plant parts considered except 
leaves (see Table 14). In varieties one and two was 
positively related to foliar fertilizer. This is 
important because it can be related with an increase in 
the energy status of the plant. The relationship between 
P content or potential energy with the utilization of 
other nutrients to increase yield could not be studied 
in this experiment. In V-3 at D-1 the P$g was found to 
be at a constant level, whereas at D-2 the leaf P content 
Table 14. Phosphorus content per plant part at different maturity levels in 










Head Cutting No. Leaf Cutting No. stem Cutting No. 
Grain 1 2 3 1 2 3 1 2 3 
V-1 1 0 0.26 0.22 0.23 0.14 0.10 0.10 0.07 0.05 o.o6 0.25 
1 0.32 0.24 0.23 0.19 0.13 0.14 0.15 0.07 o.o8 0.26 
2 0.25 0.21 0.24 0.12 0.11 0.13 0.07 0.05 0.07 0.25 
Average 0.28 0.22 0.23 0.15 0.11 0.12 0.10 o.o6 0.07 0.25 
2 0 0.22 0.22 0.19 0.12 0.11 0.10 0.11 0.07 0.07 0.25 
1 0.23 0.23 0.26 0.11 0.13 0.15 0.05 0.07 0.08 0.26 
2 0.25 0.26 0.25 0.13 0.15 0.17 0.09 o.o8 0.07 0.27 
Average 0.23 0.24 0.23 0.12 0.13 0.14 o.o6 0.07 0.07 0.26 
V-2 1 0 0.34 0.21 0.20 0.25 0.12 0.11 0.22 0.07 o.o6 0,24 
1 0.36 0.26 0.22 0.24 0.13 0.12 0.23 0.09 o.o6 0,24 
2 0.22 0.21 0.13 0.13 0.12 0.07 0,22 
Average 0.35 0.23 0.21 0,25 0.13 0.12 0.23 0.09 o.o6 0,23 
2 0 0.32 0.22 0.23 0,18 0,12 0,12 0.20 0.09 0.09 0,25 
1 0.26 0.22 0.17 0.14 0.11 0.07 0.25 
2 0.27 0.26 o.i6 0.l6 0.12 0.10 0.25 
Average 0.32 0.25 0.24 0,18 0.15 0.l4 0.20 0.11 0.09 0.25 
V-3 1 0 0.26 0.20 o.i6 0.12 0.13 0.09 0.23 
1 0.32 0.21 0.20 0.26 0.13 0.12 , 0.20 0.07 o.o6 0.24 
2 0.23 0.20 0.14 0.11 0.14 o,o6 0.23 
Average 0.32 0.23 0.20 0,26 0.14 0,12 0,20 0.11 0.07 0.23 
2 0 0.34 0.25 0,22 0,23 o,i6 0,11 0.20 0.12 0.06 0.24 
1 0.27 0,21 0,19 0,14 0.11 0.07 0.24 
2 
0.34 
0.27 0,21 0.17 0,14 0.09 o.o6 0.23 
Average 0.26 0.21 0.23 0.17 0.13 0.20 0.11 o.o6 0.24 
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increased at L-1 and L-2 treatments in comparison with 
L-0. 
In this study no conclusions can be made concerning 
the role of P applied in a foliar application, but this 
is an interesting point to investigate at different 
soil P fertility levels and its effect on increasing 
the effectiveness in the utilization of the other foliar 
components investigated. This is especially important 
with plants growing on soils with high P fixing 
capacity. 
Phosphorus in leaves and stems were close to two 
times higher in V-2 and V-3 in the first cut than V-1 
but at cutting three they ended with the same concentra­
tion. In heads, P concentration was about the same for 
the three varieties, and the same is true for grain-P. 
It can be said that V-2 and V-3 obviously had higher 
mobilization of P than did V-1 but the latter had higher 
grain yields. Therefore, another sink other than the 
forming seeds is suspected for V-2 and V-3, or the P 
storage site is other than leaves and stems. Roots are 
the only part of the plant left. There is also the 
possibility that V-1 did not store any P previous to 
anthesis and that those plants took up the P as it was 
needed and translocated it directly to the sink, which 
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was the .forming seeds. 
3. Potassium 
Studying Table 15 it clearly can be seen that the 
storage site in wheat for K is the stem. Leaf-K remained 
at the same concentration level in V-1, but it tended to 
decrease in V-2 and V-3 as the plants got older. This 
was true for both population levels. Variety one began 
with a lower K content in leaves and stems than did the 
other two varieties, but the heads ended at around the 
same composition or a little higher, which shows the 
high translocation of K in this variety to fulfill the 
demand of a large grain yield. 
The variability in among plants of the first cut 
was higher than expected and some of the results showed 
that there was an increase in K at the third cut. This 
could lead to the conclusion that foliar fertilizer 
increased the K content of the plants, which could be 
erroneous. 
Foliar application of nutrients has to be done 
having in mind that an increase in sink is desirable 
but an increase in the nutrient content is probably not 
wanted. When nutrients are applied during the grain 
filling period the intention Is not to correct any 
nutrient deficiency but to increase the amount of 
Table 15. Potassium content per plant part at different maturity levels in 
percentage of dry matter 
Head Cutting No. Leaf Cutting No. Stem Cutting No. 
Va­ Den­ Fer­
ri­ si­ til­
ety ty ity 1 2 3 1 2 3 1 2 3 Grain 
V-1 1 0 1.56 1.05 1.08 2.19 1.80 1.95 2.53 1.51 1.53 0.46 
1 1.21 0.98 0.98 2.17 1.96 2.30 2.11 1.83 1.79 0.50 
2 1.04 1.27 0.99 1.68 2.30 2.00 1.52 1.60 1.55 0.47 
Average 1.27 1.10 1.02 2.01 2.02 2.08 2.05 1.65 1.62 0.48 
2 0 1.30 1.00 0.90 1.94 1.98 1.82 2.30 1.69 1.43 0.48 
1 0.45 i.o4 0.95 l.4o 1.94 1.95 1.50 1.67 1.47 0.48 
2 1.52 1.09 1.06 2.52 2.10 2.20 2.28 1.76 1.83 0.48 
Average 1.09 1.04 0.97 1.95 2.01 1.99 2.03 1.71 1.58 0.48 
V-2 1 0 1.45 1.71 0.94 2.25 2.10 2.02 2.70 2.04 2.27 0.52 
1 1.6o 1.01 0.92 1.32 2.13 1.82 2.80 2.15 2.01 0.52 
2 1.24 0.97 2.22 1.94 2.25 1.84 0.49 
Average 1.53 1.32 0.94 1.79 2.15 1.93 2.75 2.15 2.04 0.51 
2 0 1.48 1.04 0.81 2.45 2.17 2.16 2.88 2.47 2.11 0.52 
1 1.07 0.95 2,26 1.98 2.02 1.94 0.48 
2 1.32 1.10 2.53 2.24 2.52 2.62 0.55 
Average 1.48 1.14 0.95 2.45 2.32 2.12 2.88 2.34 2.22 0.52 
V-3 1 0 1.10 1.04 0.84 2.55 2.43 2.66 2.20 2.34 1.98 0.46 
1 0.97 0.88 2.21 2.31 1.95 1.83 0.46 
2 0.90 0.83 2.76 1.99 2.09 1.50 0.45 
Average 1.10 0.97 0.85 2.55 2.47 2.32 2.20 2.13 1.77 0.46 
2 0 1.15 0.93 0.81 2.90 1.63 2.4l 2.45 1.43 1.56 0.45 
1 1.00 0.89 2.59 2.03 1.85 1.45 0.44 
2 0.89 1.02 2.66 2.69 2.19 1.94 0.46 
Average 1.15 0.94 0.91 2.90 6.88 2.38 2.45 1.82 1.65 0.45 
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nutrients to force the increment of the sink on one 
hand, and to fulfill the demand of that bigger sink 
on the other hand. 
No other conclusions can be withdrawn from this 
experiment on the role of K, but it clearly shows that 
further experiments have to be performed to discover it. 
4. Sulfur 
The S composition of leaves in V-1 shows the same 
characteristics as those of K. There was not a big 
variation as the plants approached maturity, and 
was lower in comparison with the other two varieties. 
This latter statement is also true for stem composition, 
as shown in Table l6. Among densities V-1 showed about 
the same S composition in all plant parts investigated. 
In varieties two and three Sfo in leaves was higher at 
D-1 than at D-2 at the beginning of the spray application 
which indicated that the plants at the higher population 
probably grew with some S deficiency. In V-3, D-2, the 
amount of leaf-S increased with foliar fertilizer, but 
no other plant component showed any increase, indicating 
that S was Just stored and not mobilized. Grain-S 
remained essentially at a same level in all varieties, 
and all varieties showed a slight decrease in with 
foliar treatments. This could be associated with higher 
Table l6. Sulfur content per plant part at different maturity levels in 
percentage of dry matter 
Head Cutting No. Leaf Cutting No. Stem Cutting No. 
Va- Den- Per-
rl- si- tll-




1 0 0. 24 0.22 0.18 0. 37 0.36 0.33 0. 17 0.15 0.12 0.18 
1 0. 19 0.17 o.i6 0. 33 0.31 0.29 0. 11 0.12 o.l6 0.19 
2 0. 24 o.l8 0.17 0. 35 0.33 0.30 0. 15 0.10 0.10 0.17 
Average 0. 22 0.19 0.17 0. 35 0.33 0.31 0. 14 0.12 0.13 o.i8 
2 0 0. 29 o.l8 o.i8 0. 36 0.33 0.28 0. 23 0.11 0.12 0.17 
1 0. 20 0.15 o.l8 0. 39 0.25 0.32 0. l6 0,08 0.11 0.18 
2 0. 24 0.20 0.18 0. 37 0.34 0.32 0. 09 0.13 0.13 0.19 
Average 0. 24 o.lB 0.18 0. 37 0.31 0.31 0. 16 0.11 0.12 0.18 
1 0 0. 24 0.18 o.l6 0. 39 0.33 0.29 0. 24 0.13 0.15 0.19 
1 0. 24 o.iW o.l6 0. 40 0.29 0.31 0. 16 0.12 0.12 0.17 
2 0.19 o.l6 0.33 0.22 o.i6 0.12 0.17 
Average 0. 24 o.lB o.l6 0. 4o 0.32 0.27 0. 20 o.l4 0.13 0.l8 
2 0 0. 25 o.i4 0.17 0. 33 0.31 0.28 0. 21 0.12 0.11 0.17 
1 0.19 o.l8 0.32 0.28 0.10 0.12 0.16 
2 0.17 0.l4 0.31 0.26 0.12 0.11 o.i8 
Average 0. 25 0.17 o.i6 0. 33 0.31 0.27 0. 21 0.11 0.11 0.17 
1 0 0.24 0.13 0.30 0.22 0.17 0.12 o.l8 
1 0. 22 0.22 0.15 0. 44 0.43 0.30 0. 18 0.15 0.12 0.17 
2 0.19 0.19 0.35 0.30 
18 
0.13 0.10 0.18 
Average 0. 22 0,22 0.l6 0. 44 0.36 0.27 0. 0.15 0.11 0.18 
2 0 0. 26 0.19 0.l6 0. 35 0.36 0.33 0. 20 0.08 0.11 0.17 
1 0.20 0.17 0.37 0.38 0.15 0.14 0.17 
2 0.19 0.18 0.38 0.44 0.13 0.13 0.17 




yields as in V-1, D-1, but it also happened when a 
reduction in yields resulted at L-2 with other varieties. 
Other effects of the S plant metabolism are suspected 
but could not be investigated in this study. 
5. Magnesium 
From the other macroelements not included in the 
foliar fertilizer, magnesium was the one chosen 
because of its relationship with photosynthesis. It 
was thought that photosynthetic activity is increased 
with foliar spray which could be due to an increase 
in chlorophyll content or to an increase in the activity 
of that chlorophyll. Magnesium percentage values are 
shown in Table 17. 
Magnesium in stems remained at about the same 
concentration at all maturity levels. In V-1 at D-1, 
Mg^ in heads decreased with maturity at L-1 and L-2, 
whereas at L-0 it remained almost constant. In leaves, 
the same variety had a decrease of Mg with foliar 
treatment and both densities had similar Mg^ which 
showed that soil Mg was sufficient for this variety. 
Mobilization of Mg from leaves apparently was not 
affected by foliar fertility. This is also true for 
V-3. 
Table 17. Magnesium content per plant part at different maturity levels in 
























































































































0.47 0.44 0. 13 0.10 0.10 0. 16 
0.42 0.40 0. 12 0.09 0.07 
16 0.33 0.37 0. 08 0.08 0.07 0. 
0.41 0.40 0. 11 0.09 0.08 
14 0.45 0.41 0. 16 0.10 0.08 0. 
0,41 0.38 0. 09 0.08 0.08 0. 16 
0.42 0.36 0. 08 0.10 0.07 0. 13 
0.43 0.38 0. 11 0.09 0.08 0. 14 
0.42 0.42 0. 14 0.13 0.10 0. 17 
0.48 0.49 0. 10 0.14 0.11 0. 17 
0.47 0.46 0.12 0.08 0. 16 
0.46 0.46 0. 12 0.13 0.10 0. 17 
0.40 0.36 0. 09 0.09 0.08 0. 15 
0.34 0.43 0.12 0.09 0. 14 
0.35 0.51 0.11 0.11 0. 15 
0.36 0.43 0. 09 0.11 0.09 0. 15 
0.43 0.47 0.11 0.11 0. 17 
0.45 0.47 0. 12 0.10 0,10 
0.43 0,49 0.09 0,08 0. 14 
0.44 0.48 0. 12 0.10 0.10 
0.39 0.42 0. 09 0.07 0.08 0. 13 
0.47 0,42 0.11 0.11 0. 15 
0.47 0.41 0.11 0.12 0. 12 
0.44 0.42 0. 09 0.10 0.10 0. 13 
70 
In V-2 at D-1, Mg remained at the same level at 
cuttings two and three. Leaf-Mg increased with foliar 
treatment especially at D-2. This may indicate a 
deficiency in the soil-Mg, but, since yields were not 
increased, it is suspected that there was just an 
accumulation of Mg in the leaves due to foliar treatment. 
In general, grain-Mg showed a small decrease with 
foliar treatment, but no further conclusions can be 
given. 
6. Nutrient yield on grain 
It was observed that V-1 had more vigorous plants 
than V-2 and V-3. Leaves of V-1 were wider, which is 
a phenotypic characteristic of the variety. The results 
of percentages of a nutrient per plant on a dry matter 
basis give just,a partial picture because larger plant 
parts usually tend to have lower percentages of 
nutrients on a dry matter basis, but higher nutrient 
contents per plant and per area basis. Because fer­
tilizers are applied on an area basis the relationship 
between nutrients applied and nutrients harvested is 
more valid than is percentage composition on a dry 
matter basis. The main interest of this study was the 
investigation of effects that foliar fertilizer had on 
yields, and to give possible paths of the nutrients in 
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the plants to help in the decisions concerning further 
experiments planned to investigate each of the phenomena 
observed in this research. 
Grain nutrient yields are shown in Table l8. A 
careful analysis of that table showed that yields of 
nutrient in V-1, D-1, increased with foliar fertilizer 
and they were highest for L-2 and higher for L-1 than 
for L-0. This was mainly due to differences in grain 
yields. This variety at D-2 had an increase in nutrient 
yield only at L-1, which was also due to an increase in 
grain yields. Even though grain yields were about the 
same for L-0 and L-2 in D-2, P and S were higher for 
L-2 and N and K slightly lower. Because the chemical 
composition of grain in all varieties were about the 
same, chemical yields in the grain were higher for V-1, 
due to the higher grain yields, and lowest for V-2. 
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1 0 27.90 38.464 67.378 
1 28.27 4l.l40 66.664 
2 24.83 39.104 54.364 
Average 27.00 39.569 62.802 
2 0 16.49 39.978 65.342 
1 16.21 42.391 59.725 
2 19.71 36.848 63.136 
Average 17.47 39.739 62.734 
^Nutrients yields are based on harvested grain dry 











































C. General jDlscussion of Physical and 
Chemical Characteristics of Wheat Experiment 
1. Physical characteristics 
Wheat varieties studied showed a decrease in the 
number of grains per head at the high density as 
compared to the low density. This corroborates what 
Puckridge (1968) observed in relation with spikelet 
number, which is one part of the number of kernels per 
head. 
In V-1 and V-2 foliar fertilization obviously 
increased grains per head in comparison with no foliar 
treatment. Spikelet number was probably not affected 
because foliar fertilizer was applied after the terminal 
spikelet had been formed and environmental conditions 
no longer influenced spikelet number (Evans et al., 1975). 
Changes in environmental conditions are thought to 
affect the number of florets differenciated within 
each spikelet, but because foliar fertilizer was 
applied after anthesis this variable was then fixed at 
certain level before foliar fertilization. Then, the 
only possible factor foliar fertilization should 
influence would be an increase in seed number due to 
an increase in seed setting. In other words, nutrients 
applied as a foliar spray during the grain filling 
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period may prevent or diminish floret abortion. This 
would be due mainly to an increase in the nutrient level, 
and would agree with the report of Langer and Liew (1973) 
that an increase in the N level increased the number of 
grains per spikelet. The relationship of an increase 
in nutrient level to number of grains also could be 
an indirect effect, like dilation on the floret formation 
as it was reported by Langer and Hanif (1973)j but in 
this study, that physiological period was before spray 
application. However, other indirect effects are also 
possible. For example, the fertility period may be 
prolonged or, new feed channels may be opened due to 
an increased level of nutrients in the ear. These 
new channels do not necessarily have to be opened 
from the inside due to the inside nutrient concentration, 
but from the outside due to direct absorption of 
nutrients by glume s. These nutrients could be utilized 
in the glumes to set new grains that would not be set 
under normal conditions because nutrients tend to go 
to sinks that are already developed and are not used 
to develop new sinks. As was pointed out by Bingham 
(1967), to take full advantage of favorable conditions 
during grain filling period, formation of many 
spikelets is required together with a relative slow 
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initial development of inflorescences. V-1 showed a 
higher increase in yield than V-2 and v-3 possibly 
because V-1 was one to two weeks slower than the other 
two varieties to reach full heading. 
Improvement in grain setting is an important factor 
to consider and it is a complicated relationship because, 
apparently, the most advanced florets can inhibit grain 
set not only in distal florets of the same spikelets, 
but also in more distal spikelets (Evans et al., 1975). 
Experiments on sterilization of basal florets (Rawson 
and Evans, 1970) and emasculation (fertilization is 
delayed) of the basal florets (Evans et al., 1972) 
have shown these phenomena. Evans et al. (1975) 
considered a hormonal type of inhibition and pointed out 
that it differed considerably among cultivars. This 
study strongly suggested that the number of florets that 
set grains was increased by foliar fertilization, and 
that, even though this possibly may be hormonally 
controlled, the hormonal activity was diminished when 
grains were set and these grains acted as a competitor 
sink. 
Yield responses in this study may have been limited 
by high temperatures. During the floret fertilization 
period temperatures inside the greenhouse varied from 
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28 °C to 35 °C during the day. Rate of fertilization 
after pollination is temperature dependent (Morrison, 
1955; Hoshikawa, i960 and 1961, among others). A 
maximum of 30 °C for effective fertilization was 
reported by Hoshikawa (1959), but that temperature 
maximum may vary among cultivars, and some varieties 
may be affected more than others. 
Research to study the effects of increases in 
nutrient levels due to foliar application on floret 
number per spikelet is needed. If that yield component 
can be increased along with grain setting as already 
discussed, higher yields can be expected. 
It has been shown that day length and light 
intensity influence the rate of inflorescence development 
(Friend, 1965; Williams and Williams, 1968), number of 
spikelets (Friend, 1965; Rawson, 1971), and number of 
grains formed (Willey and Holliday, 1971; Langer and 
Liew, 1973). 
The grain filling period in this experiment was 
from Mid-April to the first week of May in V-2 and V-3; 
from the fourth week of April to the third week of May 
in V-1. That is, the grain filling period was only of 
about 25 days long. Sofield et al. (1974) proved that 
grain yields were increased when the grain filling 
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period was prolonged and that the increases were 
greater at temperatures lower than 25 °C to 30 °C. 
Completely different rates of nutrients applied as 
foliar fertilizer may be expected to be effective at 
lower temperatures than the ones observed In this study 
because at lower temperatures plants may transform more 
nutrients and/or translocate and accumulate more 
assimilates per ear. Sofleld et al. (1974) showed that 
grain N and grain dry matter accumulations were 
positively correlated. 
Another important effect of foliar fertilization 
was that grains in the upper spikelets were of the same 
size as those of lower spikelets, whereas normally 
they are smaller in size due to lack of nutrients as 
was shown by Rawson and Evans (1970) and by Evans et al. 
(1972). This could be due simply to lack of food as 
pointed out by Bremmer (1972) or to an insufficient 
translocation rate to fill the demand for assimilates 
by the grain. In either case, nutrients may be 
supplied directly to the grains via assimilates 
produced in the glumes resulting from fertilizer 
sprayed on their surface. Foliar fertilization also 
may overcome the not completely understood phenomenon 
of cessation of storage even though assimilates are 
still available. 
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2. Chemical characteristics 
Primary starch granules appeared and protein 
storage began in the grain within a week after anthesis 
(Evans et al., 1975). Thus, the pattern of the sink 
was probably established at that early stage of the 
grain development. After development of the primary 
starch granules, which are large and the early deposition 
of protein, which is water soluble, there is a deposition 
of small starch granules and other groups of proteins. 
This leads to the conclusion that if an increment in 
the sink is desired by foliar spray application, the 
spray has to be applied early in the grain filling 
period, say one week after anthesis. This has to be 
investigated because nutrient deposition in the forming 
grain is also temperature dependent (Campbell and 
Read, 1968). 
When plants are grown under high soil-N and high soil 
moisture conditions, both protein and starch contents of 
the grains may increase linearly until near maturity 
(Skarsaune et al., 1970; Bremmer, 1972). Pavlov (as cited 
by Evans et al., 1975) stated that under such conditions, 
more than half of the protein could be derived from nitrogen 
taken up during the grain filling. Whereas, in wheat 
growing under low soll-N conditions, practically all 
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graln-N was derived from mobilization of N previously 
stored in leaves and stems (Rawson and Donald, 19^9; 
McNeal et al., 1968). Terman et al. (1969) and 
McNeal et al. (1972) stated that when senescence and 
mobilization of N from leaves is slow, high grain yields 
may be associated with low grain-N content, but when 
senescence is rapid, starch storage may be more 
adversely affected than protein storage. 
In this study, the situation of sufficient soil-N 
was found in D-1 for all varieties, and conditions 
where soil-N was depleted at heading time was 
represented in D-2. At D-1, mobilization of leaf-N 
was essentially the same for all treatments in V-1, 
regardless of the big sink differences, and it may be 
concluded that the increase in the demand was fulfilled 
by the foliar-N application. Senescence was rapid in 
all varieties investigated. Better results on the 
relationship of yield with foliar spray may be obtained 
under other conditions where senescence is slower. 
The big role of the flag leaf on the supply of 
nutrients to the developing grains was shown by 
Wardlaw et al. (I965). This indicates that any 
relationship between leaf composition and grain yield 
should be developed with the flag leaf because it is 
the more important one. 
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Evans et al. (1975) pointed out that where similar 
grain yields have been obtained in a particular 
environment by varying combinations of the yield 
components, it may be that yields were limited by the 
supply of assimilates. In this study, it was observed 
that for V-2 and V-3, which had similar yields at both 
densities studied, the limiting factor probably was 
other than nutrients and water supply to the plant. This 
probably was due to a lack in the demand for assimilates 
due to varietal characteristics. An increase in storage 
capacity without an increase in assimilate supply 
would simply lead to more unfilled and wrinkled grains. 
More assimilate without more storage capacity would 
result in little gain in yield (Evans et al., 1975). 
Variety two, which showed the lowest weight of seeds, 
did not show any of the physical characteristics of 
a deficiency in assimilates such as unfilled grains. 
Probably this variety had a slow rate of translocation 
or it was affected by the environmental growing 
conditions. 
Even though some chemical analyses were performed 
in this wheat experiment, no clear conclusions can be 
made concerning translocation of nutrients or the role 
of each one of the components applied as foliar spray. 
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More research is needed to clarify all the physiological 
relationships with foliar fertilizer. There is no 
doubt that foliar fertilization improved nutrient content 
and decreased mobilization of nutrients from stored 
sites. Thus, if grain setting is to be promoted, it 
can be done by early applications on wheat growing 
under good soil fertility conditions. The dependability 
on nutrients stored in the plants has to be investigated. 
D. Physical Characteristics of Bean Experiment 
1. Analysis by split Latin square 
The bean experiment (B. Exp.) was planted in a 
Latin square arrangement among treatments with plots 
split for varieties. This permitted the study of the 
effects of the position inside the greenhouse. Analysis 
of variance is shown In Table 19. 
Increases in grain yields resulting from foliar 
fertilizer were statistically significant. No other 
dependent variable was affected by foliar fertilizer. 
Weights of seeds and numbers of pods were variety 
dependent. 
For yields, the variability among boxes was the 
highest. The position in the greenhouse did not change 
yields as can be seen in the means shown in Table 20. 
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Table 19. Analysis of variance of B-Exp. in Latin square, 
split on varieties 
Mean square values of variables 
Degrees 
of Hundred seed Pod number 
Source Freedom Yield weight per plot 
Box (row) 3 1328.32* 4.32 938.42* 
Position 
(column) 3 18.99 5.08 41.54 
Fertility (P) 3 509.02* 3.09 297.29 
Error (a) 6 144.53 2.61 190.94 
Variety (v) 3 197.01 15.22** 1330.04*4 
F*V 9 56.57 1.41 64.06 
Error (b) 36 146.13 2.11 106.74 
Coefficient 
of variation 5.31# 1.71# 4.49# 
The effect of boxes on yields is reflected in pod number 
per plot, which is one of the yield determinants. Hundred 
seed weight remained at about a constant level among all 
independent variables. 
Variability among boxes is easily explained because 
two of the boxes were installed with an automatic watering 
system and the other two were watered in a conventional way. 
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Table 20. Means of B-Exp. 
Number Total Hundred 
of grain seed Seeds 
observa­ yield weight Pod per 
Source - number tions grams grams number pod 
Box - 1 l6 64.1 20.8 63.8 4.80 
2 16 65.4 21.0 64.4 4.87 
3 16 49.1 21.3 51.2 4.58 
4 16 49.0 22.0 50.6 4.58 
Column - 1 l6 56.2 20.8 57.4 4.87 
2 l6 58.4 21.1 59.8 4.77 
3 16 56.1 21.1 56.8 4.74 
4 16 57.0 22.1 56.0 4.64 
Fertility - 0 l6 49.1 20.8 51.3 4.69 
1 l6 57.6 21.4 59.5 4.69 
2 l6 62.6 21.8 61.1 4.39 
3 l6 . 58.3 21.1 58.1 4.82 
Standard error 3.01 0.40 3.45 
Variety - 1 l6 52.8 22.2 49.0 4.88 
2 l6 55.9 20.7 63.0 4.30 
3 16 61.3 22.0 50.6 5.19 
4 16 57.6 20.3 67.4 4.22 
Standard error 3.02 0.36 2.58 
by manually applying water to the top of the soil. By 
looking av Table 20 it can be seen that boxes one and two, 
which had the automatic watering system, had higher total 
grain yields and total number of pods than did the other 
two boxes. 
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2. Analysis by split complete randomized block 
Because there was no effect of the position in the 
greenhouse, and two of the boxes had the automatic 
watering system, this experiment was analyzed as a 
complete randomized block. 
The analyses of variance for yield, hundred seed 
weight, and pod number per plot are shown in Table 21. 
The only difference between these analyses and those 
shown in Table 19 is the increase in precision of this 
analyses on effects of foliar fertilization and among 
boxes. 
Yields were significantly different at a five percent 
confidence limit instead of the ten percent previously 
obtained in the Latin square analysis. The statistical 
significance of differences among pod numbers due to 
foliar fertilization also increased and was very close 
to being significant at a ten percent confidence limit. 
The effects of the differences due to the watering 
system are fully manifested and yields and number of 
pods were significantly different at one percent confidence 
limit. Of course, analyses of the differences among 
varieties remained unaltered. 
As shown in Table 20, foliar fertilizer increased 
yields by twenty-seven percent and pod number by nineteen 
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Table 21. Analysis of variance of B-Exp. in complete 
randomized blocks, split on varieties 









Blocks (box) • 3 1328.32** 4.32 938.42** 
Fertility (F) 3 509.02* 3.09 297.29* 
Error (a) 9 102.68 3.43 106.10 
Variety (V) 3 197.01 15.22** 330.04** 
V*P 9 56.57 1.41 64.06 
Error (b) 36 146.13 2.11 106.74 
a 
"F" value is 2.80, "P" to be significantly different from 
zero at 10^ confident limit is 2.8l. 
percent. Seeds per pod, one of the determinants of yield, 
were higher on plants grew under the automatic watering 
system. Although a positive effect of fertilizer on seeds 
per pod was observed at L-3, no conclusions can be made 
and further experiments have to be performed to clarify if 
there is any possible effect of foliar fertilizer on 
number of seeds per pod. 
Seed weight, pod number, and seeds per pod were 
undoubtedly variety characteristics. For V-3 both seeds 
87 
per pod and seed weight were high, but pod number was 
low. These data indicate that in order to study the 
effect of foliar fertilization on physiological character­
istics it is better to do it separately for each variety. 
3. Analysis per watering system 
It was believed that watering systems influenced 
yields and effectiveness of the foliar treatment. To 
investigate how the available moisture influenced yields, 
the split plot analysis was separated by automatic 
watering system (A-S) which included boxes one and two 
and conventional watering system (C-S) which included 
boxes three and four. The analysis of variance for each 
of the two systems are shown in Table 22. 
Fertility was not found to have a statistically 
significant influence on the dependent variables. Hundred 
seed weight and pod number were variety dependent at a 
significant level in both watering systems. 
The criteria given in this last statistic analysis 
have to be taken with caution because the original design 
was in a Latin square arrangement and when it was 
analyzed as complete randomized blocks the experimental , 
error was decreased, in order to make more definite 
conclusions another experiment must be performed. However, 
studying the mean values shown in Table 23, the following 
Table 22, Analysis of variance of complete randomized blocks, split variety, 
by watering system 










Pod number . 
A-S C-S 
Replication 1 13.20 0.10 0.33 3.72 3.13 3.13 
Fertility (F) 3 609.44 68.10 7.90 2.16 395.25 93.58 
Error (a) 3 126.38 13.15 2.40 0.93 91.54 35.21 
Variety (V) 3 60.42 248.47 13.50* 5.21* 848.17** 582.75** 
P*V 9 112.05 86.78 2.42 
1—i OJ r—1 
114.25 52.83 
Error (b) 12 212.87 103.03 2.79 1.17 126.77 99.85 
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conclusions can be drawn; 
a. The automatic watering system resulted in 
higher yields than did the C-S at any foliar fertility 
level. These higher yields were expected because plants 
in A-S were grown under better soil moisture conditions 
and plants could obtain more nutrients. This higher 
nutrient level was reflected in the number of pods and 
seeds per pod whereas the hundred seed weight generally 
was a little lower for A-S than for C-S. 
b. The watering systems had some effect on the 
effectiveness of foliar fertilizer. Yields increases 
from foliar fertilizer were higher with A-S than with 
C-S. These differences clearly show that in order to 
obtain better foliar fertilizer response, beans have to 
be grown in the best possible growing conditions. This 
may be explained as being due to a larger sink per plant. 
In this experiment no records of pod numbers were taken 
during the growing season, so it is not possible to show 
any relationship between the existing sink per plant at 
the beginning of the spray application and at harvesting 
time due to foliar spray. Seeds per pod increased 
slightly with foliar treatment and they were probably 
limited by factors other than nutrient level. It should 
be kept in mind that soil fertility conditions in this 
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experiment were optimum, and that, since varieties one, 
three, and four have been grown for several centuries on 
habitats with very low soil fertility without any 
effective breeding, a low number of grains per pod is 
probably one of their characteristics. 
c. Varieties responded differently to foliar 
fertilizer as can be seen in Tables 22 and 23. Varieties 
two and three showed greater responses than did the 
other two varieties. Low yields were obtained at the 
L-0 level with V-1 and V-2, whereas yields of the 
remaining varieties were higher at that fertility level. 
Yields of varieties one and two were about the same for 
both watering systems at L-0; however, there.was no effect 
of foliar fertilizer on yield of V-1 grown under C-S 
and the same was observed with V-2 grown on the same 
system at foliar fertilizer levels two and three. 
Explanation of this is not simple because if it were due 
to insufficient nutrients yields at L-0 should have 
been higher for A-S than for C-S and there should have 
been some positive effect of treatment rather than the 
erratic effect on yield at L-1. Another explanation 
should be the valid one but it cannot be explained with 
these data. It can be seen that varieties one and two 
had a higher nutrient demand than varieties three and four. 
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Table 23. Effects of watering system and foliar fertilizer 
on physical . characteristics of bean plants 
Total 
grain-
Foliar yield Hundred Pods 
fertil- per seeds number Seeds 
Watering ity plot •weight per per 
system level Variety grams grams plot pod 
Automatic L-0 V-1 46.0 22.6 44.5 4.58 
V-2 46.1 19.0 52.5 4.59 
V-3 58.0 20.2 51.0 5.63 
V-4 63.9 20.1 71.0 4.49 
Average 53.5 20.5 54.8 4.82 
L-1 V-1 62.9 22.6 59.0 4.68 
V-2 58.1 19.2 63.0 4.70 
V-3 65.6 22.8 49.5 5.83 
V-4 70.1 19.2 82.0 4.45 
Average 64.2 20^9 63.4 4.92 
L-2 V-1 72.6 22.9 65.0 4.89 
V-2 85.4 21.2 83.5 4.77 
V-3 67.8 24.4 56.5 5.00 
V-4 72.7 20.6 80.0 4.39 
Average 74.6 22.3 71.3 4.76 
L-3 V-1 61.7 19.2 61.5 5.23 
V-2 73.7 19.6 82.0 4.59 
V-3 70.1 21.5 57.0 5.71 
V-4 61.8 19.5 68.0 4.65 
Average 66.8 20.0 67.1 5.05 
Conventional L-0 V-1 44.6 22.0 41.5 4.68 
V-2 40.6 21.7 53.5 3.51 
V-3 49.3 21.4 41.5 5.63 
V-4 44.4 19.3 55.0 4.18 
Average 44.7 21.1 47.9 4.50 
L-1 V-1 48.3 23.0 42.0 5.08 
V-2 58.4 22.5 61.5 4.37 
V-3 50.5 20.9 52.0 5.14 
V-4 46.9 21.3 67.0 3.28 
Average 51.0 21.9 55.6 4.72 
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Table 23. Continued 
Total 
grain-
Foliar yield Hundred Pods 
fertil- per seeds number Seeds 
Watering ity plot weight per per 
system level Variety grams grams plot pod 
Conventional L-2 V-1 45.1 22.3 42.0 4.81 
V-2 41.4 20.8 54.0 3.72 
V-3 62.6 22.2 47.0 5.99 
V-4 53.1 20.1 6l.O 4.36 
Average 50.6 21.3 51.0 4.72 
L-3 V-1 41.4 23.2 36.5 4.90 
V-2 43.7 21.2 49.0 4.15 
V-3 66.3 22.6 55.0 5.38 
V-4 47.9 22.0 55.5 3.96 
Average 49.8 22.2 49.0 4.6o 
The pattern by which the different yield components 
influence yields is not a simple one. They act more as a 
complex system, each one interrelated with the other, and 
that characteristic limits study of yield-response to 
foliar treatment. 
d. The automatic watering system increased yields. 
The effect for each variety can be seen in Table 23 where 
it is clearly shown that Increases in yields were mainly 
due to an increase in number of pods. Plants grown under 
A-S grew faster and reached the flowering stage approximately 
two weeks earlier than did plants grown under C-S. 
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Higher yield differences between watering systems may 
have resulted because plants were burned in A-S by the 
first spray application. It is believed that dew deposited 
on leaves surfaces every morning would redissolve the 
salt crystals on the plant surface. Therefore, in order to 
simulate this, water was applied with an sprinkler can. 
However, by doing that, big water drops were formed and 
runoff was observed with accumulations on the leaf tips 
and edges. When the water evaporated the big crystals that 
formed burned a big portion of the leaves. After that 
experience, no water more was applied in plants grown 
under C-S. 
e. The watering systems had different effects on 
the yields components in the different bean varieties. A 
resume of those effects is shown in Table 24. Variety 
three was least effected by the watering systems, but even 
in this variety there was an increase on yields of 
due to A-S. The watering system had the greatest effect 
on V-2 where yields were increased an average of 6o^. 
This increase was due to an increase in pod number and 
seeds per pod. Hundred seed weight did not vary much among 
watering systems, but a decrease was observed on A-S in 
three varieties. Because the sink per plant was increased 
with A-S, the amount of assimilates per seed was reduced 
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Table 24, Physical characteristics of bean plants per 
watering system 
Grain Hundred 
yield seed Pod 
Watering per plot weight number Seeds 
Variety system grams grams per plot per pod 
V-1 A-S 60.9 21.8 57.5 4.85 
C-S 44.9 22.6 42.8 4.92 
V-2 A-S 73.4 19.7 70.3 4.67 
C-S 46.0 21.6 54.5 3.94 
V-3 A-S 65.4 22.2 53.5 5.54 
C-S 57.2 21.8 47.6 5.54 
V-4 A-S 67.1 19.8 78.5 4.50 
C-S 48.1 20.7 59.6 3.95 
and final weight of seed was diminished. It was expected 
that nutrients on a per plant basis were higher in A-S 
in comparison with C-S. For V-3 it is clearly shown that 
when number of pods and seeds per pod were held at a 
constant level, there was an increase in hundred seed 
weight with A-S. Therefore, an increase in soil nutrient 
level is recommended to be studied along with the watering 
systems. 
fe It is expected that droplet size deposited on 
foliar surfaces direct influence the observed burning 
effects. It was shown by Horsfall (1945) that a better 
surface cover is obtained with small droplets ( < 100w in 
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diameter) than with larger size ( > 300 to 400u in 
diameter). The volume of liquid in a 400u drop is about 
187 times the volume of a 70y. When water evaporates 
from the solution, there is an increase in the concentra­
tion of the solution that is in direct contact with the 
leaf surface. Therefore, foliage damage will be greater 
with big drops. This is because, for the same volume of 
liquid, more foliage area will be covered by the small 
drops and less concentrated solution results from small 
drops than from big drops. The value of the smaller drops 
is aided by the smaller area which could be damaged by 
each drop and by the assimilation of the smaller amount of 
salt per drop by the healthy surrounded area. Therefore, 
the burned pattern resulting from a sprayer which has a 
mean drop size of around 7OU could be completely 
different from that obtained by conventional sprayers or 
the pattern reported by Barel (1975). 
After the observed leaf burn, which resulted from 
the application of water after the first spray treatment 
to A-S, it is recommended that further experiments should 
be made to investigate the exact effect on yields of the 
spray droplet size. 
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E. Beans/ Chemical Analysis of Grains 
Of all the nutrients applied in foliar form, only 
the percentage of N in the bean seeds was increased by 
foliar fertilizer level in all varieties, as can be seen 
in Table 25. Percentages of P and S remained constant 
at all foliar treatments, and the values in all varieties 
were close to each other. The percentage of K in V-1, 
increased slightly with foliar fertilizer. In the other 
varieties, K% decreased slightly due to foliar 
fertilization. 
An interesting point is that the amount of N in the 
grain increased about 50^ with foliar fertilization 
regardless of the increase in yield resulting from the 
treatment. This indicates that mobilization of stored N 
was enhanced by foliar treatment. It is clear that N 
applied on leaves had to be distributed among other parts 
of the plant and the increase in grain N yield was 
probably due part to a mobilization of stored N and part 
to utilization of sprayed N. 
Because yields were increased the advantage of the 
use of the foliar fertilization is clear. The observed 
inefficiency in mobilization of the sprayed N to the 
grain was probably due to a deficiency of N during the 
growing season. When N was applied in the foliar treatment 
Table 25. Chemical composition and yield of grain in bean experiment 
Grain chemical composition Yield of nutrients on grain 
in percentage of dry matter expressed in grams per plot 
Foliar Total 
fertility .yield 
Variety level gr/plot N P K S N P K S 
V-1 0 45.319 3.78 0,38 1.68 0.25 1.473 0,148 0.655 0.097 
1 55.591 3.95 0.38 1.75 0.25 1.888 0.182 0.837 0.120 
2 58.885 4.23 0.37 1.79 0.26 2.142 0.187 0.907 0.132 
3 51.571 4.58 0.40 1.83 0.27 2.031 0.177 0.812 0.120 
Average 52.841 4.14 0.38 1.76 0.26 1.884 0.199 0.803 0.117 
V-2 0 43.366 3.64 0.37 1.79 0.23 1.358 0.138 0.668 0.086 
1 58.243 4.05 0.37 1.72 0.25 2.029 0.185 0.862 0.125 
2 63.416 4.08 0.37 1.74 0.25 2.225 0.202 0.949 0.136 
3 58,675 4.20 0.38 1.76 0.25 2.119 0.192 0.888 0.126 
Average 55.925 3.99 0.37 1.75 0.25 1.933 0.179 0.755 0.118 
V-3 0 53.650 3.63 0.37 1.80 0.25 1.675 0.171 0.831 0.115 
1 58.044 3.82 0.37 1.81 0.26 1.907 0.185 0.904 0.130 
2 65.171 4.24 0.35 1.78 0.26 2.376 0.196 0.998 0.146 
3 68.186 4.29 0.36 1.73 0.26 2.516 0.211 1.015 0.153 
Average 61.263 4.00 0.36 1.78 0.26 2.119 0.191 0.937 0.136 
V-4 0 54.141 3.62 0.35 1.76 0.25 1.686 0.163 0.820 0.116 
1 58.496 3.85 0.36 1.67 0.24 1.937 0.181 0.840 0.121 
2 62.898 4.01 0.37 1.70 0.24 2.169 0.200 0.920 0.130 
3 54.841 4.19 0.38 1.72 0.24 1.976 0.179 0.811 0.113 
Average 57.594 3.92 0.37 1.71 0.24 1.942 0.181 0.848 0.120 
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plants utilized part of it to correct any deficiency. 
This deficiency of N was expected because the soil used 
in this experiment had been planted with grass for several 
decades, and, even though a culture of N fixing bacterias 
was added, common bean garden culture of Rizobium was 
used and not the specific one for Phaseolus vulgaris. 
Because it was the first time beans had been grown on 
this soil and bacteria culture added to the soil was not 
appropriate, symbiotic N fixation was probably limited. 
The effectiveness of P and S to increase yields has 
to be studied. Soil-S at the beginning of the experiment 
was high. This is probably the reason there was no 
direct mobilization of the sprayed S to the grain. The 
role of S in foliar fertilization is important for beans 
since the digestibility of the protein in beans is low 
because of the insufficient amounts of S based amino acids. 
Because in the beans remained about the same, total 
grain S-yield increased as the grain yield increased. 
Because the amount of N increased the ratio of N to S 
was increased. Studies should be conducted to decrease 
the N to S ratio. This may possibly be achieved by 
foliar fertilization. 
The amount of soil-K probably was not high enough 
because in three of the four varieties when an increase 
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in yield was imposed at L-1 treatment, the Yi% decreased, 
even though K-yield increased in the grain. 
Experiments should be planned to investigate the role 
that each element has on yields and also to study the 
relationship between N and S and to try to increase S 
content in relation to N. 
An interesting phenomenon observed in the beans was 
that during the day the fertilizer crystals of the 
previous foliar treatment got wet and were redissolved. 
This was probably due to the high water tension of those 
crystals that attracts water. Therefore, the effect of 
dew is probably not the only factor involved in the 
redissolving process under field conditions. 
F. General Discussion on Bean Experiment 
1. Some physical and physiological characteristics 
and their correlations 
There is insufficient information concerning the 
physical characteristics on Phaseolus vulgaris L. Only 
information on relationships between protein on protein 
Quality and yields have been reported. Those reports 
did not consider different yield components separately. 
The only yield component usually considered was hundred 
seed weight, and seldom pod number or seeds per pod. 
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Physiological characteristics in Phaseolus vulgaris L. 
were reported by Ascencio and Fargas (1973). The only 
problem with that report is that the study was made in 
plants grown with Hoagland No. 2 nutrient solution under 
greenhouse partially controlled condition. However, in 
that study growth relationships between the different 
parts of the plant and some important physiological 
characteristics can be found. 
Yield of dry beans differ between tropical and 
temperate zones (PAO, 1969). Yields in temperate zones 
are commonly more than double those in tropical zones 
(Litzenberger, 1973; Camacho, 1973; Meiners and 
Litzenberger, 1972). This is probably due to rain 
distribution, diseases, insects, etc. (Hernandez-Bravo, 
1973). 
Grain yields obtained in this study were similar 
to those reported by Rutger (1970). He observed that 
environmental conditions influenced yields more than 
did different planting locations. This is important in 
this study because in a greenhouse experiment, where 
controlled conditions can be partially achieved, variables 
such as diseases, insects, and soil moisture can be 
studied in a better way. The lowest and highest yield 
reported in the Rutger study were close to the yields 
obtained in this study with C-S and A-S, respectively. 
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Different grain yields had been obtained with 
different varieties grown under the same environmental 
conditions, as reported by Rutger (1970). Different 
behavior of varieties in N experiments were obtained by 
Dickson and Hackler (1972). The varieties used in this 
dissertation study did not show any significant inter­
action between varieties and foliar fertilizer, which 
means that their responses to foliar treatment were 
similar. However, varietal behavior to foliar fertilizer 
was quite different with the different watering systems. 
Duarte and Adams (1972) and Denis (1971) reported 
that no component of yield is more important quantitatively 
than number of pods per plant or per area. This component 
is dependent upon number of nodal positions where 
axillary racemes might be formed, the number of florets 
per raceme, and the percentage of fertilized flowers 
(Adams, 1973). The observed increase in pod number with 
foliar fertilization indicates that an increase in 
available nutrients may affect any of those determinants 
of number of pods. 
It was observed that a decrease in number of seeds 
per pod was associated with an increase in seed weight 
in varieties three and four. This may be interpreted 
as due to lack of photosynthetic production due to burns 
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on leaves surfaces. However, if that was the case, 
weight of seed should be the one that decreased because 
burned areas tended to increase with time (as reported by 
Barel, 1975) and weight of seed is the last of the yield 
component then it is expected to be affected by foliar 
fertilization. Since nutrients can be partially stored 
and then mobilized there is a possibility that stored 
nutrients increased with foliar treatment along with an 
increase in the sink size due to increased pod number. 
It should be a more complex pattern in relation with 
foliar fertilizer than the one reported by Adams (1973). 
He stated that for plants growing under competitive 
conditions a negative correlation occurs between seed 
weight and number of seeds per pod, but when plants grow 
without any stress that correlation approaches zero. 
In varieties one and two, there were positive 
responses of weight of seeds, seeds per pod, and pod 
number with foliar fertilization, but yields were about 
the same as those for V-3 and V-4. This indicates an 
equilibrium point which is about the same for these 
varieties. Investigation of the physiological role of 
each of the yield components is needed to determine which 
one is more affected when translocation rate of assimilates 
is increased, storage of nutrients is altered, etc. These 
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physiological characteristics are variety dependent, as 
reported by Wallace and co-workers (1972) and by 
Evans (1973). 
2. Grain chemical composition in beans 
The most notable chemical characteristic observed 
was the increase in in grain along with the yield 
increase with foliar fertilizer. This is important 
because it has been difficult to achieve any increase in 
protein percentage by N application to the soil, as 
reported by Silbernagel (1970). A decrease in usually 
has been observed whenever an increase in yield occurred 
(Tandon, et al., 1957; Rutger, 197O; Leleji et al., 1972). 
This phenomenon is true among different varieties where 
the higher yielders tend to be the lower in protein 
percentages, and among environmental conditions within 
each variety as reported by Rutger (1970) and Silbernagel 
(1970). Thus, it appears that adverse conditions imposed 
on growing plants affects yields more than absorption and 
translocation of N. The problem is to know which yield 
component is the one affected by the adverse condition 
in the environment. Rutger (1970) reported that small 
seeded lines tended to be higher in protein than large-
seeded lines, and probably that could be the clue. Data 
in this study indicated that it is probably a variety-
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environment relationship because constantly increased 
in all varieties with increased foliar treatment. Yields 
were increased, but not consistently, with foliar fer­
tilizer in all varieties, whereas seed size was more a 
varietal characteristic and increased in some varieties 
and decreased in others. More studies are needed to 
clarify the relationship between seed size and protein 
content. In this study it was demonstrated that yields can 
be increased as well as N content with foliar fertilization. 
The increase in grain-N^ reported by Dickson and 
Hackler (1972) has to be interpreted with caution because 
in their study the beans were fertilized with 3 to l6 
grams of N per plant. When converted to an hectare basis 
this is from 600 to 3200 Kg-N/ha assuming a population 
of 200,000 plants/ha. Under these conditions luxury 
consumption of N could be possible. It can be said that 
nutrients applied in foliar form during the grain filling 
period are more effective to increase grain protein than 
any treatment applied to the soil. 
Silbernagel (1970) studied the increase in grain 
protein with soil treatments of N, P, and Zn, and concluded 
that no effects were observed with N and P application 
and only an slight increase was observed at high Zn and 
F treatments although they were nonsignificant. In 
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this dissertation study a complete solution of N, P, K, 
and S was sprayed, and the increase in protein observed 
could be due to N alone or any other interaction of N 
with one or more of the elements applied, or also not to 
be related to N at all. Further investigations are needed 
to clarify this increase in protein, due to foliar 
treatment. 
Protein quantities found in this study with four 
Guatemalan varieties "correspond to the bottom of the 
range of medium protein contents reported by Rutger (1970). 
Foliar fertilizations increased the grain protein of these 
varieties to the upper part of that medium range and one 
variety to the middle of the high protein range. This 
could be interpreted as being due to a low soil-N content 
or low activity of the rhizobia. Whatever was the case, 
a small amount of N applied in foliar form at 40 Kg-N/ha 
increased N-yields up to 145 Kg-N/ha, which is of special 
importance to low income farmers who usually do not 
apply any N to the soil. 
Even though protein in seeds of Phaseolus sp. is 
high, its digestibility is low due to large amounts of 
salt-soluble globulius which have been shown to be 
resistant to hydrolysis by proteolitlc enzymes on one 
hand, and due to their low sulfur based amino acids 
(methionine and cystine) on the other hand (Bressani, 1972; 
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Miller and Donoso, 1963). 
It has been shown by Adams (1972) that there is a 
high negative correlation between sulfur amino acids and 
the N content in seeds of beans. The level of methionine 
has been found to be genetically dependent (Kelly, 1971). 
Adams (1972) pointed out that increases in protein above 
about 21^ are of a progressively lower quality with 
respect to sulfur amino acids. This is further complicated 
because available methionine tends to differ among bean 
varieties, as reported by Kelly and Bliss (1975). 
Because methionine and cystine are the limiting 
amino acids in beans, several techniques had been developed 
to study the amount of methionine (Kelly et al., 1970) 
which is highly correlated to the amount of lysine 
(Dickson and Hackler, 1972). Miller and Nalsmith (1958) 
found highly a significant correlation between total S 
content of a diet and its dietary-protein value. Porter 
et al. (1974) showed that correlation of total-seed-S as 
a percent of the protein with the sum of methionine and 
cystine as a percent of the protein was highly significant. 
They recognize that even the S containing amino acid 
values are better predictors of protein efficiency ratio 
than total-S values, the relatively ease of determination 
of the latter makes this technique desirable. 
In this study it was found that total grain-S as a 
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percentage of the grain-protein tended to decrease with 
foliar fertilization, as shown in Table 26. This can be 
interpreted as indicating that S contents in the foliar 
treatments were low in comparison with nutrients that 
increased N^. The total amount of S sprayed started at 
2.7 Kg-S/ha, and the yield of S in an average high grain 
yield of 2000 Kg/ha was found to be about 4,3 Kg-8/ha. 
Higher S to N ratios are recommended to be studied in 
order to investigate a possible increase of S in relation 
to the observed increase in grain N^. The genetically 
controlled accumulation of S amino acids, previously 
discussed, could be controlled by absorption of soil-S 
and not by production of those amino acids and translocation 
to the forming seeds. Further experiments could clarify 
these characteristics. 
Table 26. Protein content In percent of dry matter and total sulfur as percent 
of protein content In seeds of beans 
Beans Variety 
V-1 V-2 V-3 V--4 
Total-s Total-S Total-S Total-S 
Foliar percent percent percent percent 
fertility Proteln of Proteln of Proteln of Protein of 
level % protein % protein f protein protein 
L-0 23.6 1.10 22.7 1.01 22.7 1.10 22.6 1.11 
L-1 24.7 1.01 23.9 1.05 23.9 1.09 24.1 1.00 
L-2 26.4 0.98 26.5 0.94 26.5 0.98 25.1 0.91 
L-3 28.6 0.94 26.8 0.93 26.8 0.97 26.2 0.92 
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V. SUMMARY AND CONCLUSIONS 
Since man became a plant grower he has been trying to 
increase yields by applying amendments to the soil to in­
crease soil nutrient level, by irrigating, by protecting 
the crops from diseases and insect damage, and by altering 
the morphology of plants. In recent years, significant 
increases in productivity have been achieved as a result of 
knowledge gained as to how plants, soils, and environmental 
conditions work, as well as how they interact with each 
other. By maximizing all management practices on one hand 
and plant physiological response on the other hand it has 
been possible to obtain a constant crop production increase. 
A significant high yield plateau will be slowly achieved 
by using the conventional technology alone. 
The purpose of this dissertation study was to 
investigate plant behavior and increases in grain yield 
when nutrients are applied as a foliar spray during the 
grain filling period to plants growing under greenhouse 
conditions. 
It has been observed that the effectiveness of 
nutrients applied to the soil is often low, and that even 
when nutrients are applied to the soil in excess, the 
plants absorbe nutrients in a luxury consumption form, 
without gaining any improvement in yield. This is due in 
part to the physiological characteristics of the plant 
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and also to the environment where the plant is growing. 
Those physiological characteristics can be modified to some 
extent in plants growing under any environment to obtain 
an increase in yield. 
Application of foliar fertilizer during the grain 
filling period may overcome certain physiological deficien-*, 
cies such as movement of stored nutrients to the leaves or 
any active photoshynthetic part, translocation of assimilates 
to the growing grain, rate of accumulation of assimilates, 
duration of the grain fllDing period, and physical 
modifications of some of the determinants of grain yield. 
Two species were used to conduct this study: spring 
wheat and field beans (Phaseolus vulgaris L.). These 
species were chosen because of their different physiological 
patterns and because they are the most important vegetable 
sources of carbohydrate and protein for human consumption. 
Another Important characteristic that was studied was 
the effect of foliar fertilizer when soil moisture condi­
tions are changed. This was studied with beans, grown 
either on soil with a constant water supply or on soil which 
was manually watered once or twice a day depending on 
the visually observed moisture on the surface soil. 
In order to reduce the error that results when spraying 
plants growing in small greenhouse pots due to the small 
foliage area, both species were planted in boxes filled 
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with screened field top soil. The wheat experiment and half 
of the bean experiment were installed with automatic system 
by subirrigation. To the other half of the bean experiment 
water was added in a conventional form by surface irrigation 
applied manually. 
Soil was fertilized for optimal conditions for both 
species, using urea, phosphoric acid and KCl as sources of 
N, P, and K, respectively. Five wheat varieties were 
planted at two different densities in a 2 x 3 x 5 factorial 
split using a randomized complete block design. However, 
due to some adverse growing conditions which affected two 
of these varieties, the experiment was reduced to three 
Guatemalan varieties. In the bean experiment three black 
seeded varieties native to Guatemala and one from Costa 
Rica were grown in a 4 x 4 factorial split using a Latin 
square design. 
Foliar fertilizer was applied four times during the 
grain filling period beginning one week after full anthesls 
for wheat and after the setting of grains in the tertiary 
pods for beans. A complete formulation of N, P, K, and S 
was sprayed, with ratio of 12:2:3:1 for wheat, and 
15:2:6:1 for beans. Foliar treatments of up to 
6on:lOP:15K:5S Kg/ha were sprayed on wheat, and up to 
120N:16p:48k:8s Kg/ha on beans. In both experiments an 
equivalent of 255 l/ha were sprayed in each application. 
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Urea, potassium-polyphosphate and phosphoric acid were 
used as sources of N, P, and K, respectively, in both 
experiments. Sodium sulphate and potassium sulphate were 
used as sources of S for the wheat and the bean experiments, 
respectively. The surfactant used was Tween-8o at a 0.5% 
(v/v). 
A. Wheat Experiment 
1. Physical characteristics 
a. Plant density one Increase of grain yield by 
foliar fertilizer was observed to be variety dependent. 
Prom the yield components, kernel weight was the one that 
had the same pattern in all varieties. Kernel weight was 
increased with foliar fertilizer, however it was higher 
at foliar fertility L-1. Number of seeds per head was 
increased at L-1 and then decreased at L-2 in varieties 
one and two, whereas in V-1 it was highly increased with 
the highest treatment. 
Grain yields, yield per head and sink per plot area 
of V-1 were significantly increased by foliar treatment. 
Yields of V-2 were increased at L-1 but they decreased at 
L-2. In V-3 foliar fertilizer decreased grain yields 
significantly. 
b. Plant density two The most important effect of 
foliar fertilizer was that of decreasing the number of 
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heads per area In all varieties. It is not possible to 
explain this with these data. 
Thousand kernel weight and kernels per head were 
increased by the foliar treatment, however, because of 
the reduction in number of heads, yields of varieties two 
and three were reduced. In variety one an increase of 
yield was observed at foliar fertility L-1. 
In all varieties sink per plot area was decreased. 
Yield per head remained unaltered in varieties two and 
three and was increased in variety one. 
2. Chemical characteristics 
a. Nitrogen Foliar fertilization lowered the 
concentration of N in the grain of all varieties at D-1, 
but the reverse was true at D-2. Plants grown under 
density two condition typify those plants grown under 
soil nutrient deficiency conditions. 
Leaf-N slightly increased in V-1 at D-1 with foliar 
fertilization. With L-1, N decreased in V-2 but increased 
in V-3, and it was decreased at L-3 in V-3. No clear 
pattern was found. At density two there was a marked 
increase in leaf-N with foliar fertilizer and the same 
was true for head-N. 
b. Phosphorus Grain-P was not modified with 
foliar fertilization. Leaf-P was increased in varieties 
one and two at both densities. In V-3 leaf-P remained 
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about the same at D-1 but increased at D-2. Head-? was 
increased only at D-2 in varieties one and two. 
c. Potassium Grain-K did not change with foliar 
application in all varieties at both densities. Leaf-K 
decreased in V-3 at D-1 and increased in V-1 at both 
densities. No other clear pattern was apparent. Head-K 
in D-1 remained the same in V-2, slightly decreased in V-1 
and slightly increased in V-3 due to foliar fertilization. 
Head-K increased with foliar fertilizer in D-2. 
d. Sulfur Concentration of grain-S remained about 
the same in all treatments. At D-1, leaf-S slightly 
decreased in V-1 and increased in V-3. At D-2, in varieties 
one and two, leaf-S did change slightly whereas in V-3 
leaf-S was increased. Head-S' remained at a same level in 
V-2 at D-1, and in V-1 at both densities; was slightly 
decreased in V-3 at D-2 but increased at D-1. Not a clear 
pattern can be given. 
B. Bean Experiment 
1. Physical characteristics 
The effect of foliar fertilizer on grain-yields was 
higher in the automatic watering system. There was an 
observed varietal effect on response to foliar fertilizer. 
Varieties one and two showed the highest yield response to 
treatments under the A-S. 
Plants grown under the conventional watering system 
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did not produce such high yields as those observed in the 
plants grown under the A-S. Varieties one and two did not 
show any strong change in grain yields with foliar treatment 
when grown under C-S. Whereas variety three showed a high 
yield response to foliar fertilizer when grown under that 
system. The effectiveness of foliar fertilization depends 
upon the environmental conditions. 
From the yield components, pods number was the most 
important one. This variable was increased with foliar 
fertilizer by A-S and there was an interaction of them 
on number of pods. Seeds per pod did not show a clear 
pattern in plants grown under A-S, however they were 
increased with foliar fertilization applied to plants 
grown under C-S. 
The automatic watering system increased grain yield 
and pod number per plot in all varieties, decreased weight 
of seeds in varieties one, two, and four, and increased 
seeds per pod in varieties two and four, 
2. Chemical analysis of grains 
Of all the nutrients applied in foliar form, only 
the percentage of N in the bean seeds was increased by 
foliar fertilizer in all varieties. The amount of N in 
the grain Increased about 50^ with foliar fertilization 
regardless of the increase of yields due to the foliar 
treatment. Mobilization of stored N was enhanced by 
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foliar treatment. 
It was observed that the percentage of sulfur amino 
acids in the protein decreased with foliar fertilization. 
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VIII. APPENDIX 
Table 27. Nitrogen content per part plant cut at different 
physiological maturity levels during grain 
filling period. Nitrogen expressed as percentage 
of dry matter 
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Table 27. Continued. 
Cutting No. 1 
Foliar 
Va- Plant fer-
ri- den- Plant til-
ety sity part izer I 
Replication 
II III IV 
Aver­
age 
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Table 28. Phosphorus content per part plant cut at different 
physiological maturity levels during grain 
filling period. Phosphorus expressed as percent­
age of dry matter 
Cutting No. 1 
Foliar Replication 
Va- Plant fer-
ri- den- Plant til- Aver-
ety sity part izer I II III IV age 






V-2 1 heads 
leaves 
stems 
0 0.35 0.28 
1 0.18 0.24 
2 0.24 0.20 
0 0.20 0.12 
1 0.10 0.12 
2 0.07 0.12 
0 0.06 0.07 
1 0.05 0.08 











1 0.33 0.38 
2 
0 0.25 
1 0.22 0.26 
2 
0 0.22 
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0.11  0 .10  0 .12  
V . J. J. V . iM- I • V . ±H 











0 .02  

































0 . 1 2  
0 .10  
0.05 






























0.21  0 .22  
0.20 0.23 









































0 .22  







Table 28, Continued. 
Cutting No. 1 
Foliar 
Va- Plant fer-
ri- den- Plant til-
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0.22 0.22 0.22 
0.23 0.24 0.26 
0.19 0.12 
0.15 0.12 0.14 
0.13 o.i6 o.i6 
0.05 0.09 
o.o8 0.07 0.07 
o.o8 0.11 0.10 
0.20 0.18 0.20 
0.19 0.20 0.20 











































Table 29. Potassium content per part plant eut at different 
physiological maturity levels during grain 
filling period. Potassium expressed as 
percentage of dry matter 
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Table 29. Continued. 
Cutting No. 1 
Foliar 
Va- Plant fer-
ri- den- Plant til-
ety sity part izer I 
Replication 
V-2 2 heads 
leaves 
stems 


























































Cutting No. 2 Cutting No. 3 
Replication Replication 
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Table 30. Sulfur content per part plant cut at different 
physiological maturity levels during grain 
filling period. Sulfur expressed as percentage 
of dry matter 
Cutting No. 1 
Foliar Replication 
Va- Plant fer-
ri- den- Plant til- Aver-
ety sity part izer I II III IV age 






V-2 1 heads 
leaves 
stems 
0 0.34 0.28 
1 0.25 0.17 
2 0.19 0.31 
0 0.56 0.38 
1 0.47 0.30 
2 0.30 0.45 
0 0.26 0.20 
1 0.21 0.09 











1 0.23 0.25 
2 
0 0.39 
1 0.34 0.46 
2 
0 0.24 
1 0.24 0.08 
2 
0.19 0.l6 0.24 
0.15 0.17 0.19 
0.20 0.25 0.24 
0.28 0.26 0.37 
0.28 0.28 0.33 
0.30 0.36 0.35 
0.11 0.09 0.17 
0.05 0.10 0.11 
0.13 0.l6 0.15 
0.29 0.29 
0.20 0.20 
0.23 0.28 0.24 
0.36 0.36 
0.39 0.39 
0.34 0.41 0.37 
0.23 0.23 
o.i6 0.l6 








Cutting No. 2 Cutting No. 3 
Replication „ , Replication 
Aver- Aver-
II III IV age I II III IV age 
0. 29 0. 19 
0. 22 0. 20 
0. 21 0. 22 
0. 46 0. 28 
0. 41 0. 36 
0. 38 0. 34 
0. 21 0. 15 
0. 17 0. 14 
0. 04 0. 15 
0. 11 0. 24 
0. 16 0. 12 
0. 21 0. 23 
0. 28 0. 37 
0. 32 0. 21 
0. 34 0. 36 
0. 11 0. 06 
0. 06 0. 08 
0. 16 0. 14 
0. 16 0. 22 
0. 15 0. ,14 
0. ,12 0. 23 
0. 33 0. 37 
0. 26 0. 28 
0. ,24 0. 38 
0. ,11 0. ,16 
0. ,14 0. ,12 













































































































0. 16 0, .18 
0. 20 0, .16 
0, .17 0, .17 
0, .26 0 
.33 
0, .32 0, .29 
0, .32 0 .30 
0, .08 0 .12 
0 .10 0 .16 
0 .08 0 .10 
0 .19 0 .18 
0 .16 0 .18 
0 .18 0 .18 
0 .28 0 .28 
0 
.32 0 .32 
0 .27 0 .32 
0 .11 0 .12 
0 .11 0 .11 
0 .10 0 .13 
0 .11 0 .16 
0 .10 0 .16 
0 .13 0 .16 
0 
.19 0 .29 
0 .16 0 .31 
0 .27 0 .22 
0 .18 0 .15 
0 .06 0 .12 
0 .10 0 .12 
Table 30. Continued, 
Cutting No, 1 
Foliar 
Va- Plant fer-
ri- den- Plant til-
ety sity part izer I 
Replication 
II III IV 
Aver­
age 
V-2 2 heads 
leaves 
stems 






















































Cutting No.2 Cutting No. 3 
Replication Replication 
Aver- Aver-
II III IV age I II III IV age 
0.15 0.20 0.15 0.17 








0.14 0.34 0.11 0.22 
0.44 0.28 
0.27 0.60 0.28 0.31 
0.46 0.37 0.42 
o.o6 0.10 
0.09 0.20 0.19 0.12 























































































0 • 10 0.12 
U.jO 
Table 31. Magnesium content per part plant cut at different 
physiological maturity levels during grain 
filling period. Magnesium expressed as 
percentage of dry matter 
Cutting No. 1 
Foliar Replication 
Va- Plant fer-
ri- den- Plant til- Aver-
ety sity part Izer I II III IV age 



































































































Cutting No. 2 Cutting No. 3 
Replication Replication 
Aver- Aver-


































































































































































Table 31. Continued 
Cutting No. 1 
Foliar Replication 
Va- Plant fer-
ri- den- Plant til- Aver-
ety sity part izer I II III IV age 
V-2 2 heads 0 0.2? 0.l8 0.23 
1 
leaves 0 0.4l 0.53 0.4? 
1 
stems 0 0.05 0.13 O.O9 
1 
V-3 1 heads 0 
1 0.30 0.30 
leaves 0 
1 0.56 0.56 
stems 0 
1 0.12 0.12 
heads 0 0.28 0.28 
1 
leaves 0 0.33 0.33 
1 
stems 0 0.90 0.90 
1 
150 
Cutting No. 2 Cutting No. 3 
Replication Replication 
Aver- Aver-
II III IV age I II III IV age 
0.l6 0.16 0.20 
0.08 0.l8 0.17 
0.22 0.15 0.18 
0.37 0.41 0.47 
0.19 0.46 0.39 
0.46 o.4l 0.39 
0.11 0.07 0.11 
0.07 0.17 0.14 
0.12 0.12 0.11 
0.25 0.27 
0.26 0 .26 0 .21 
0 .17 0 .21 0 .21 
0.42 0.43 
0.51 0.45 0.30 






0.25 0.26 0.19 
0.21 0.27 0.30 
0.39 0.39 
0.56 0.42 0.43 
0.49 0.49 
0.07 0.06 


















0.12 0.12 0.09 0.08 0.10 



































































0.38 0.33 0.51 0.44 
0.46 0.44 0.43 0.36 
0.47 0.35 0.31 
0.09 0.10 0.07 
0.12 0.12 0.09 























Table 32. Physical and chemical characteristics of wheat grain 
variety Xooomil-7^ (V-l) 
Total Thou­ Grain 1 composition ; in 
yield sand Heads percentage of ( 3ry matter 
Den­ Per - Rep­ grams kernels Kernels number 
si­ til lica­ per weight per per 
ty ity tion plot grams head plot N P K S Mg 
1 0 1 91.084 44.788 30.86 66 2.65 0.22 0.52 0.18 0.16 
2 68.668 44.016 28.89 54 2.76 0.25 0.47 0.16 0.17 
3 61.501 44.903 29.77 46 2.70 0.27 0.45 0.19 0.18 . 
4 68.801 38,060 31.18 58 2.49 0.27 0.41 0.18 0.16 
Average 72.514 42.942 30.18 56 2.65 0.25 0.46 0.18 0.17 
1 1 83.184 52.477 26.42 60 2.69 0.25 0.55 0.22 0.15 
2 79.545 47.259 32.38 52 3.01 0.24 0.50 0.18 0.14 
3 92.602 51.579 32.06 56 2.37 0.29 0.48 0.18 0.17 
4 72.123 46.577 31.51 49 2.61 0.27 0.48 0.18 0.15 
Average 81.863 49.473 30.61 54 2.67 0.26 0.50 0.19 0.15 
2 1 99.201 48.257 36.06 57 2.37 0.24 0.50 0.16 0.12 
2 110.100 47.116 36.51 64 2.65 0.26 0.47 0.18 0.14 
3 125.025 43.863 36.54 78 2.72 0.25 0.47 0.18 0.13 
4 81.680 45.970 34.17 52 2.75 0.24 0.44 0.17 0.16 
Average 104.001 46.301 35.82 63 2.62 0.25 0.47 0.17 0.14 
1 82.023 41.063 
2 67.174 40.788 
3 67.118 37.381 
4 91.890 44.823 
Average 77.051 41.014 
1 111.802 48.067 
2 101,995 47.348 
3 45.582 38.751 
4 79.960 44.354 
Average 84.835 44.630 
1 112.562 49.227 
2 50.108 39.875 
3 52.931 49.072 
4 89.837 46,369 
Average 76.360 46.136 
24.96 80 2.42 
16.29 101 2.75 
22.19 81 3.05 
19.71 104 2.20 
20.79 92 2.86 
27.07 86 2.78 
20.74 104 2.88 
22.63 52 2.68 
19.38 93 2.37 
22.46 84 2.68 
28.94 79 2.80 
19.63 64 2.86 
17.39 62 2.42 
33.39 58 2.87 
24.83 66 2.74 
0.22 0.51 0.19 0. 13 
0.26 0.50 0.18 0. 15 
0.28 0.50 0.18 0. 14 
0.24 0.42 0.13 0. 12 
0.25 0.48 0.17 0. 14 
0.28 0.50 0.17 0. 14 
0.23 0.46 0.18 0. 16 
0.28 0.52 0.20 0. 14 
0.26 0.45 0.15 0. 15 
0.26 0.48 0.18 0. 15 
0.27 0.47 0.22 0. 12 
0.25 0.49 0.18 0. 11 
0.31 0.50 0.20 0. 12 
0,26 0.44 0.17 0. 12 
0.27 0.48 0.19 0. 12 
Table 33. Physical and chemical characteristics of wheat grain 
variety Quetzal-75 (V-2) 
Total 
yield 
Den- Per- Rep- grams 
si- til- Ilea- per 
ty ity tlon plot 
Thou­
sand Heads 
kernels Kernels number 
weight per per 
grams head plot 
Grain composition in 
percentage of dry matter 
N F K S Mg 
0 1 61.196 29.197 34.36 61 2.82 0.22 0.50 0.22 0.16 
2 63.713 31.541 36.72 55 2.56 0.24 0.55 0.16 0.19 
3 48.477 26.914 29.03 62 2.68 0.25 0.56 O.19 0.16 
4 28.013 22.805 25.05 49 2.80 0.23 0.48 0.18 0.17 
Average 50.350 27.6l4 31.29 57 2.72 0.24 0.52 O.19 O.17 
1 1 71.726 29.288 41.51 59 2.65 0.24 0.55 0.19 0.18 
2 35.376 28.146 30.67 41 2.62 0.24 0.52 0.19 0.16 
3 81.568 38.189 33.89 63 2.15 0.25 0.53 0.17 0.17 
4 58.240 30.290 34.35 56 2.34 0.23 0.47 0.15 0.15 
Average 61.728 31.478 35.11 55 2.44 0.24 0.51 O.18 O.17 
2 1 41.534 24.088 34.47 50 2.99 0.28 0.58 0.19 0.14 
2 47.708 34.771 35.18 39 2.15 0.20 0.47 0.15 0.12 
3 54.104 31.108 26.76 65 2.51 0.20 0.48 0.17 0.12 
4 38.429 24.476 27.07 58 2.80 0.20 0.43 0.16 0.13 
Average 45.444 28.611 30.87 53 2.6l 0.22 0.49 O.17 0.13 
0 1 48.628 28.524 18.83 
2 60.833 31.857 21.93 
3 59.684 25.736 24.42 
4 33.751 28.358 14.86 
Average 50.724 28.619 20.01 
1 1 44.048 31.957 23.06 
2 57.008 31.373 18.75 
3 30.694 24.844 16.92 
4 67.363 34.123 21.22 
Average 49.778 30.574 19.99 
2 1 25.500 21.223 20.01 
2 37.138 25.184 23.78 
3 49.220 30.338 23.17 
4 42.200 28.209 22.66 
Average 38.515 26.239 22.40 
89 2.44 0.23 0.52 0.19 0. 13 
87 2.37 0.26 0.52 0.18 0. 16 
95 2.44 0.26 0.52 0.17 0. 16 
80 2.11 0.25 0.51 0.16 0. 17 
88 2.34 0.25 0.52 0.18 0. 16 
60 2.55 0.28 0.56 0.20 0. 16 
97 2.49 0.21 0,44 0.17 0. 12 
73 2.99 0.22 0.47 0.16 0. 14 
93 2.05 0.23 0.44 0.13 0. 14 
81 2.52 0.24 0.48 0.17 0. 14 
60 3.02 0.25 0.59 0.22 0. 15 
62 2.94 0.26 0.54 0.19 0. l4 
70 2.61 0.27 0.54 0.18 0. 15 
66 2.49 0.23 0.52 0.14. 0. 14 
65 2.77 0.25 0.55 0.18 0. 15 
Table 3^. Physical and chemical characteristics of wheat grain 
variety Zunil-75 (V-3) 
Total Thou­ Grain < composition : in 
yield sand Heads percentage of ( :1ry matter 
Den­ Per' - Rep­ grams kernels Kernels number 
si­ til lica­ per weight per per 
ty ity tion plot grams head plot N F K S Mg 
1 0 1 73.957 38.284 31.67 61 2.65 0.22 0.48 0.18 0.16 
2 49.677 36.202 22.49 61 2.76 0.24 0.44 0.19 0.17 
3 77.513 44.300 28.21 62 2.70 0.24 0.43 0.17 0.18 
4 68.366 35.072 29.53 66 2.49 0.20 0.47 0.18 0.16 
Average 67.378 38.464 27.90 63 2.65 0.23 0.46 0.18 0.17 
1 1 78.190 41.559 33.00 57 2.69 0.22 0.46 0.18 0.16 
2 48.480 36.546 22.87 58 3,01 0.24 0.46 0.19 0.16 
3 77.241 45.780 30.12 56 2.37 0.24 0.47 0.15 0.15 
4 62.745 40.674 27.07 57 2.61 0.24 0.46 0.16 0.17 
Average 66.664 4l.l4o 28.27 57 2.67 0.24 0.46 0.17 0.16 
2 1 73.352 40.221 28.07 65 2.37 0.21 0.45 0.17 0.12 
2 42.037 40.270 18.65 56 2,65 0.25 0.45 0.19 0.14 
3 51.965 40.983 26.98 47 2.72 0.22 o.4o 0.16 0.13 
4 50.101 34.943 25.61 56 2.75 0.23 0.48 0.18 0.16 
Average 54.364 39.104 24.83 56 2.62 0.23 0.45 0.18 0.l4 






























16.41 99 2.42 
11.61 102 2.75 
20.46 89 3.05 
17.48 110 2.20 
16.49 100 2.61 
18.94 96 2.78 
12.25 73 2.88 
18.98 81 2.68 
14.66 101 2.37 
16.21 88 2.68 
19.48 89 2.80 
18.89 71 2.86 
20.99 107 2.42 
19.46 74 2.87 
19.71 85 2.74 
.21 0.44 0.17 0.13 
.27 0.44 0.19 0.15 
.25 0.42 0.18 0.14 
.24 0.48 0.16 0.12 
.24 0.45 0.18 0.14 
.23 0.47 0.18 0.14 
.24 0.42 0.19 0.16 
.25 0.38 0.18 0.14 
.25 0.49 0.14 0.15 
.24 0.44 0.17 0.15 
.23 0.43 0.20 0.12 
.24 0.48 0.20 0.11 
.21 0.47 0.15 0.12 
.25 0.47 0.15 0.12 



































Grain chemical composition 
In percentage of dry matter 
N K Mg 
0 1 42.555 23.250 42 7 3.88 0.39 1.90 0.24 0.19 
2 49.469 21.904 47 6 3.66 0.42 1.91 0.25 0.20 
3 39.028 21.211 37 2 3.64 0.35 1.63 0.26 0.19 
4 50.222 22.828 46 1 3.93 0.34 1.23 0.26 0.17 
Average 45.319 22.297 ' 43 4 3.78 0.38 1.68 0.25 0.19 
1 1 52.152 22.192 53 4 4.04 0.38 1.77 0.23 0.18 
2 73.563 22.951 65 8 3.81 0.47 1.88 0.25 0.19 
3 50.869 23.442 48 3 3.93 0.34 1.60 0.25 0.18 
4 45.781 22.552 36 3 4.02 0.32 1.74 0.28 0.13 
Average 55.591 22.784 51 4 3.95 0.38 1.75 0.25 0.17 
2 1 85.975 22.948 77 4 4.26 0.39 1,87 0.28 0.20 
2 59.319 22.817 53 4 3.93 0.37 1.70 0.25 0.21 
3 52.967 22.539 49 3 4.50 0.35 1.87 0.25 0.18 
4 37.278 22.096 35 2 4.21 0.37 1.70 0.26 0.19 
Average 58.885 22.601 54 3 4.23 0.37 1.79 0.26 0.20 
3 1 65.900 19,763 60 16 4.43 0.40 1.94 0.25 0.18 
2 57.567 18.644 63 7 4.47 0.43 1.88 0.27 0.19 
3 40.040 21.761 37 2 4.71 0.33 1.80 0.25 0.18 
4 42.775 24.583 36 1 4.69 0.42 1.68 0.29 0.20 
Average 51.571 21.186 49 7 4.58 0.40 1.83 0.27 0.19 
Table 36. Physical and chemical characteristics of bean grain variety 
Turrlalba I (V-2) 
Grain chemical composition 
Total Hundred In percentage of dry matter 
Fer­ Replica­ yield seeds Pods Aborted 
til­ tion grams weight number pods 
ity number per plot grams per plot per plot N F K S Mg 
0 1 55.358 19.023 60 0 3.45 0.39 1.97 0.22 0.19 
2 36.872 18.909 45 7 3.50 0.41 1.88 0.20 0.20 
3 36.965 20.884 48 0 3.78 0.33 1.60 0.23 0.19 
4 44.269 22.586 59 5 3.81 0.35 1.72 0.28 0.18 
Average 43.366 20.351 53 3 3.64 0.37 1.79 0.23 0.19 
1 1 39.740 17.820 48 7 4.07 0.37 1.84 0.26 0.18 
2 76.435 20.591 78 6 3,90 0.41 1.69 0.24 0.19 
3 53.135 21.687 48 8 4.07 0.37 1.71 0.24 0.21 
4 63.660 23.318 75 1 4.14 0.31 1.64 0.26 0.20 
Average 58.243 20.854 65 6 4.05 0.37 1.72 0.25 0.20 
2 1 68.418 20.161 73 4 4.24 0.38 1.89 0.22 0.12 
2 102.413 22.241 94 8 3.95 0.39 1.74 0.24 0.18 
3 38.981 20.409 48 8 4.24 0.36 1.74 0.25 0.19 
4 43.850 21.184 60 3 3.88 0.33 1.57 0.27 0.17 
Average 63.416 20.999 69 6 4.08 0.37 1.74 0.25 0.17 
3 1 77.471 19.255 86 9 4.09 0.39 1.92 0.22 0.22 
2 69.900 19.920 78 7 4.14 0.41 1.70 0.24 0.18 
3 33.010 21.160 41 3 4.31 0.36 1.78 0.26 0.19 
4 54.320 21.218 57 1 4.24 0.36 1.63 0.27 0.20 
Average 58.675 20.388 66 5 4.20 0.38 1.76 0.25 0.20 



















Grain chemical composition 
in percentage of dry matter 
N K Mg 
0 1 50.135 21.243 45 5 3.66 0.35 1.95 0.22 0.17 
2 65.922 19.237 57 1 3.40 0.41 1.70 0.23 0.19 
3 51.818 22.727 46 1 4.14 0.34 1.78 0.26 0.21 
4 46.723 20.053 37 3 3.31 0.37 1.78 0.28 0.18 
Average 53.650 20.815 46 3 3.63 0.37 1.80 0.25 0.19 
1 1 69.949 24.978 50 5 4.02 0.39 1.87 0.23 0.16 
2 61.259 20.619 49 7 3.55 0.41 1.97 0.25 0.19 
3 56.945 20.858 53 4 3.93 0.38 1.73 0.28 0.20 
4 44.031 20.967 4l 0 3.74 0.30 1.67 0.26 0.17 
Average 58.044 21.856 48 4 3.82 0.37 1.81 0.26 0.18 
2 1 57.395 21.263 48 2 4.19 0.37 1.92 0.22 0.17 
2 78.187 27.475 65 8 4.19 0.38 1.78 0.26 0.19 
3 58.647 22.218 45 2 4.26 0.31 1.74 0.27 0.20 
4 66.455 22.151 49 1 4.31 0.34 1.68 0.28 0.17 
Average 65.171 •  23.277 52 3 4.24 0.35 1.78 0.26 0.18 
3 1 67.563 21,122 57 2 4.16 0.37 1.74 0.22 0.19 
2 72.612 21.943 57 5 4.24 0.42 1.83 0.25 0.18 
3 83.180 20.870 70 3 4.26 0.30 1.69 0.27 0.20 
4 49.390 24.330 4o 1 4.50 0.35 1.68 0.28 0.18 
Average 68.186 22.065 56 3 4.29 0.36 1.73 0.26 0.19 
Table 38. Physical and chemical characteristics of bean grain variety 
San Pedro Plnula (V-4) 
Grain chemical composition 
Total Hundred in percentage of dry matter 
Per- Replica- yield seeds Pods Aborted 
til- tion grams weight number pods 
ity number per plot grams per plot per plot N P K S Mg 
0 1 64.889 19.421 72 3 3.69 0.36 1.78 0.21 0.20 
2 62.961 20.698 70 7 3.69 0.37 1.91 0.25 0.21 
3 45.830 19.176 57 6 3.64 0.34 1.69 0.27 0.19 
4 42.885 19.405 53 7 3.47 0.33 1.67 0.26 0.19 
Average 54.141 19.675 63 6 3.62 0.35 1.76 0.25 0.20 
1 1 74.470 19.664 85 8 3.40 0.36 1.64 0.22 0.19 
2 65.643 18.717 79 11 3.74 0.38 1.80 0.25 0.20 
3 48.852 21.240 67 4 4.16 0.35 1.69 0.27 0.19 
h 45.023 21.44o 67 4 4.09 0.33 1.55 0.21 0.18 
Average 58.496 20.265 75 7 3.85 0.36 1.67 0.24 0.19 
2 1 79.915 21.093 84 10 3.88 0.41 1.74 0.23 0.20 
2 65.482 20.158 76 9 4.09 0.37 1.80 0.22 0.20 
3 48.700 19.042 55 4 4.28 0.35 1.65 0.27 0.19 
4 57.498 21.062 67 3 3.78 0.36 1.62 0.24 0.19 
Average 62.898 20.339 71 7 4.01 0.37 1.70 0.24 0.20 
3 1 74.382 19.722 81 10 3.93 0.39 1.83 0.18 0.20 
2 49.211 19.298 55 8 4.07 0.39 1.77 0.25 0.19 
3 46.391 21.779 60 2 4.43 0.35 1.68 0.28 0.20 
4 49.380 22.143 51 0 4.31 0.38 1.58 0.26 0.19 
Average 54.841 20.735 62 5 4.19 0.38 1.72 0.24 0.20 
